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ALS  amyotrophic lateral sclerosisͯʆˏʦƖÎʕɳûɚͰ 
ALSFRS-R ALS functional rating score-revisedͯALSȅʶ˯Ã^VͰ 
!-ME  !-mercaptoethanolͯ!-PyjMdpͰ 
BSA  bovine serum albuminͯK\˗ȨHxͰ 
CBB  coomassie brilliant blueͯT\xHjxͰ 
CD  circular dichroismͯá¦ˊƖͰ 
DMSO  dimethyl sulfoxideͯ]f^}R\kͰ 
DSC  differential scanning calorimetryͯɵŰ̅ǵȽ̲ȫœͰ 
DTT  dithiothreitolͯ]fOjJjͰ 
EDTA  ethylendiaminetetraacetic acidͯMf]HĤ̬̮Ͱ 
fALS  familial ALSͯŗǗƖALSͰ 
FDA  U.S. Food and Drug Administrationͯʍī͞ěü˓ěŨͰ 
Gdn  guanidine hydrochlorideͯUHm]ĸ̮ĸͰ 
GSH  ̩×İUdfO 
GSSG  ̮ûİUdfO 
GST  glutathione S-transferaseͯ UdfO-S-j^wLaͰ 
HTT  huntingtinͯqffͰ 
IA  iodoacetamideͯkH`jHkͰ 
IMS  intermembrane spaceͯˁ̼ʼͰ 
IPTG  isopropyl !-D-1-thiogalactopyranoside 
  ͯJbyv-!-fOQTjvp\kͰ 
MALDI  matrix-assisted laser desorption/ionization 
  ͯjgT^ǈƾ[ʹ͋JOûțͰ 
MWCO  molecular weight cut-offͯçɑçŊ̲Ͱ 
 vi 
Na-Pi  sodium phosphateͯ̮ljKͰ 
NNE  100 mM Na-Pi/100 mM NaCl/5 mM EDTA, pH 7.4 
PBS  phosphate buffered salineͯ̮ʤ˙ɍɋ͞ĸȔͰ 
PolyQ  polyglutamineͯUdͰ 
POM  H`dȃʷ 
pSOD1  C6S/C111SĿɔEŢÜ#SOD1 
S-SʛĐ  ]^wIkʛĐ 
sALS  sporadic ALSͯōɞƖALSͰ 
SAXS  small angle X-ray scatteringͯXʣţ˧Ǎ¡Ͱ 
SDS  sodium dodecyl sulfateͯki\ɲ̮ljKͰ 
SDS-PAGE SDS-polyacrylamide gel electrophoresis 
  ͯSDS-HTHkW͎ȓȞ÷țͰ 
SOD1  Cu/Zn-superoxide dismutase 
  ̷ͯ¨̵^sOR\kiI^daͰ 
SOD1-ALS SOD1̨¶ŊĿɔ.>AfALS 
SOD1SH  çŊàS-SʛĐèǓB#SOD1 
SOD1S-S  çŊàS-SʛĐEƆƣ#SOD1 
TCEP  tris(2-carboxyethyl)phosphine 
  ͯj^ͯ2-P~R\MfͰ}^wIͰ 
TFA  trifluoroacetic acidͯjwO̬̮Ͱ 
Tm  melting temperatureͯĿƖȸȪžͰ 
TOF  time of flightͯ͝˘ǟ̼İͰ 
tPSA  topological polar surface areaͯj]PǽƖ˛͓ɽͰ 
WT  wild-type̱ͯɍİͰ 
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ĞĞĥĒW^Đ2X@X(*1<:$2M6X5ĜSOD1ĝ 
ĞĞĞĥÎÌ·ï 
 ̷¨̵^sOR\kiI^daͯ Cu/Zn-superoxide dismutase, 
SOD1Ͱ0ȠƖ̮ʔ/ɼ*A^sOR\kͯ O2-ͰE̡̮ûȔʔͯ H2O2Ͱ
+̮ʔçŊͯ O2Ͱ.įûA̭ʔ*ͯ ƀ 1-1Ͱ[1]56Ý)/ņȓƖɍɁ SOD1
EǦ)@[2]ɧǷɍɁ.)0.ʗʵ̂<jXkH/ˁ̼ʼ.
Ũĭ)A[3,4] 
2O2- + 2H+ ! O2 + H2O2      ͯ1-1Ͱ 
ɍ»à*ɞɍ# O2-0SOD1.>&) H2O2+ O2.įûBH2O20?
.Pda-,.>&) H2O+ O2.įûBA[5] 
 O2-0ɍ».Ş)ȑƖEɞƽA+B)@!/Ǥ;Ǧó-ȅŽ
+)̴ -ɲͫT^dͯ 4Fe-4SͰEǦA̭ʔͯ HXmda-,Ͱ/Ƞ
û?BA[6–8]O2- 4Fe-4S T^dEǾƣA Fe2+E Fe3+.̮ûA
+*H2O2ɍƣA++;.ͯƀ 1-2ͰFe2+/˨͋Å̝Bͯƀ 1-3Ͱ̭
ʔȠûA[9,10] 
[2Fe2+2Fe3+-4S] + O2- + 2H+ ! [Fe2+3Fe3+-4S] + H2O2   ͯ1-2Ͱ 
[Fe2+3Fe3+-4S] ! [3Fe3+-4S] + Fe2+     ͯ1-3Ͱ 
À1SOD1EȆƿ#æˌ̭ȏ0ņȓǬ³.)]ˠȖƖ/˛
ɉİEɵB0]/ɍĐƣ.̽DA}HXmdaǦA4Fe-4S
T^dO2-.>&)ǊǂEċŭĽA#:*A+ʭ?B)A[11,12]
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?.˨͋# Fe2+ H2O2+ĈƔA+*ĈƔƖ/ͧȠƖ̮ʔ*A
tkR\]PͯHO.ͰɍƣBͯƀ 1-4Ͱǿ-ɍ»çŊ.̮ûÇ͠
Eǖ+*!B?/ȅʶEºA[13] 
H2O2 + Fe2+ ! HO. + HO- + Fe3+     ͯ1-4Ͱ 
!/®.;˗ ʉàɡʗʵɎɍA̮ûʀʔͯ NOͰ+O2-ĈƔA+*
|OR\lJjJjͯ ONOO-Ͱɍ!B?ȑƖEɞƽA+;ƻǹ
B)A[14]ONOO-0 O2-.Ȓ4)Őœ.Ōĭf\ȌĴEöɈ>m
jûA+*ďɼ/̭ʔȠƖE̿ŖA+ɬ?B)A[15–17]Ŕ͇
SOD1EȆƿ#K^0ôͮͫǑĿƖɟà͈ʰ ˤ͈Ŗ+&#ôͮ.·
̮û^j^/©̝̽A+ʭ?B)AɚɄEĖA+?;[18–20]
SOD1 0ɍ»à*ɞɍA O2-E̓ą!/ȑƖE̋ȩA#:.0Ɠ͘/d
sT̂*A+ʭ?BA 
 -?O2-0 SOD1 -);ȔȮȥ.)öɈ>į
û)ȤńA+?ͯ2 x 105 M-1s-1, pH 7.4Ͱ[21]SOD1/ƈñ.')0̺
?˸¥/ɠ*&#y°˹.̽DARZfOR\ea<͎Ŋ¶̣
ʑˠ-ɞɍȬ+-&)[22,23]ɍ»à*0>! 0.1 nM/ O2-œŷɠ.ɞɍ
)A+ˡɽ;?B)A[23]!B?/ O2-˅ɞɠ-įû.>&)ýç/
ȴž.7*ȤńA#:.0įûĈƔ O2-.̽) 2ȇ/ĈƔ*A+
EʭƟA+>! 14 ǟ̼Ɠˠ*A+˪ʈBAǕ*SOD1 0Ʈ
ǍƋ̚.̒̚žͯ2 x 109 M-1s-1Ͱ* O2-EįûA+*[21];
O2-/įûE SOD1ć2O2-/!B"B.Ş) 1 ȇ/ĈƔ+)˘+
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*ASOD1/ʗʵàȴž0 10 - 100 µM *A+?[24,25]O2-Eýç/
ȴž.A#:. 1ɹ;Ɠˠ.0-?-'7@SOD1ŌĭA+
*O2-/įûE O2-.Ş) 2ȇ/ĈƔ? 1ȇ/ĈƔ.ĿA+*A
#:͒ŷ.ºȴž/ O2-*&);̑̚.̓ąA+*A>.-A
>&)ɍ»à.A O2-EöɈɠ.̓ąA#:.0SOD1 ͒ŷ.̰ˠ
-ƈñEǱ#)A 
 
ĞĞğĥ¶ĉ 
 SOD1 0 153 /Hp̮ȌĴ?-A 16 kDa /dsT̂*}¦
̲»ͯKd, ca. 1.0 x 10-10 M-1Ͱ+)Ōĭ)A[26]ď/Zxmgj08
'/!-^jk̖˘*ʇɄ.F$JpUxǿ/Ǿ̛+2'/
ł-yǾ̛ͯLoop IV, Loop VIIͰ?ǾƣBAͯĩ1-1Ͱ[27]7#SOD1
.0Zxmgj#@.̷JOć2¨ ̵JO 1''ʛĐ)
A[27]̷JO0 4'/t^f]ȌĴͯHis46, His48, His63, His120ͰE̫¹Ŋ+
)ʛĐ)@ͯĩ1-2Ͱ[27]O2-/įûĈƔE˘ȠƖƒ+)ȅʶA
ͯƀ 1-5,1-6Ͱ[1] 
Cu2+/Zn2+-SOD1 + O2- ! Cu+/Zn2+-SOD1 + O2    ͯ1-5Ͱ 
Cu+/Zn2+-SOD1 + O2- + 2H+ ! Cu2+/Zn2+-SOD1 + H2O2   ͯ1-6Ͱ 
Ǖ/¨̵JO03'/t^f]ȌĴͯHis63, His71, His80Ͱ+ 1'/H^s
S̮ȌĴͯAsp83ͰE̫¹Ŋ+)ʛĐ)@ͯĩ1-2Ͱ[27]O2-/įûĈ
Ɣ.0ɤƹ̽)-;//ȠƖ/ɞɉ.Ɠˠ-ʁ»Ǿ̛/Ǿʌ.Ɠ͘*
 - 6 - 
A[28,29]Ŕ͇¨ ̵JO˨͋# SOD10dsT̂Ǿ̛/ŐœƖº
)A$*-ȠƖƒ*AÃ/̷JO? O2.͎ŊÁʜ
BA+* O2-EɎɍA>.-A[30] 
 SOD1 /Ǿ̛ȅʶEɋ˨A*\^hJȌĴͯCysͰ;͒ŷ
.̰ˠ*ASOD10 4'/\^hJȌĴEǦ!/%/ 2'/\^h
JȌĴͯ Cys57, Cys146ͰçŊà*]^wIkͯ S-SͰʛĐEƆƣ)Aͯ ĩ
1-2Ͱ[27,31]Ȍ@ 2'/\^hJȌĴͯCys6, Cys111Ͱ0fOfOj+
)Ōĭ̙ŷ0 S-SʛĐ/Ɔƣ.0̽-ͯĩ1-2Ͱ[27]SOD1/çŊà
S-SʛĐ0rThH?tj7*ͧž.ÆŌB)A+?;[2]SOD1/
Ǿ ̛ȅʶ.Ɠ͘/ƈñEǱ#+ʭ?BAŔ͇S-SʛĐ̩×BA+
SOD1dsT̂/Ǿ̛ŐœƖºA$*-O2-/įûȠƖġń
A[29]B0O2-EȠƖ̪¹.Ċ@̐9#:.̰ˠ- Arg143/̫ʪS-SʛĐ
/èǓ.>@ĿûA#:*0-+ƻǹB)Aͯ ĩ1-2Ͱ[32]Ǖ/Cys6
Cys1110ÆŌB)?ɂ.Cys1110̪/ͩ͜+łİ͜«Ɇ./8ˡ?
BA+?[33,34]SOD1ȠƖ/ɞɉ.Ɠ͘/ȅʶEƬ&)AD*0-+
ʭ?BA 
 ̔/>.SOD10̷¨̵JOEʛĐçŊà S-SʛĐE
ƆƣA+*ȠƖûAdsT̂+)/ȽŐœƖ;łŸ.ļłA
̷¨̵JOEʛĐS-SʛĐEƆƣ#}İ	/ SOD1080oC*/
ôȽåɋE);̭ʔȠƖEń+-/.Ş)[35]̳ ūJOć2
S-SʛĐEƯ#- SOD10»Ȫ¯̒*ĿƖ)A+ɬ?B)A[36]7
#}İ SOD10yhHa.>Aç˨.Ş);ͧʯƖEɵʗʵà
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.AýȩǨ0>! 25 Ǚ+͒ŷ.̺[37]'7@SOD1 0}İ+-A
+*͒ŷ.͙-	dsT̂+-@ɍ»à.ɍA O2-/̓ąE˘&)
A 
 
ĞĞĠĥSOD1ċbÑßóì jáÙvÒ 
 tj SOD1̨¶Ŋ.0ĿɔđœB)@ŗǗƖ/ʆˏʦƖÎʕɳ
ûɚͯAmyotrophic lateral sclerosis, ALSͰEɞɚA+ɬ?B)A[38]
7#XSɃ.ɞɚAĿƖƖʸͦɚͯDegenerative myelopathyͰ.')
;Jn SOD1 ̨¶Ŋ/ĿɔăĦ/ 1 '*A+ç&)A[39]B
/ɶʚĿƖɘƘ.);Ŀɔİ SOD1 dsT̂ɔŷ-OY<ä͊
»EƆƣ!B?ɶʚʗʵEĿƖA+ʭ?B)A!*ȇ͖
? SOD1̨¶Ŋ/Ŀɔ+ ALS.')˲̔A 
 
Ğğĥßóì jáÙvÒĜALSĝ 
 ALS0ʸͦʺŻć2łʺɡ̂.A¹¹̠÷m
̧ƪɠ.ʹ ːĿƖAɶʚĿƖɘƘ*A[40]-ɚɄ+)ĤʳͥǸʆ
/ʆˏʦ<ģ͈Ŗ˳:?BŁ/ķĐ*0ęĕʆͪɜ.>Aęĕħ͌ă
Ħ+-&)ȋ.ˆAÝɒ*0ź̼*>! 5«.1«ALSEɞɚ[41]
Ǚǫīà*0>! 10,000 «/ ALS Ƙʮɴ˳B)A[42]1869 ź.w
^/ɶʚàɸü Jean Martin Charcotê:) ALSɚÀEĶė)±ǭ[43]Ł
/ɯɿ̝:?B)#;//șɝț0ǩ$.ɴʁ)- 
 ALS/ÝɚÀ/%/ 90%0ōɞƖͯsporadic ALS, sALSͰ*ăĦǜ
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*AȌ@/ 10%0ŗǗȊ˳:?BĄ¶Ɩ/ɘƘͯ familial ALS, fALSͰ
*[44]ɉĭ7*.>! 30 ɼ͜/́´̨¶ŊđœB)AͯALS Online 
Genetics Database, ALSoD; http://alsod.iop.kcl.ac.uk/Ͱ[45,46]sALS+ fALS*0˄ż
ɚɄ.ł-ɥ̤˳:?B-+?sALS + fALS .0Þ̙/əɋɵ
ĝB)A[47] 
 fALS /́´̨¶Ŋ+)Ǥê.đœB#/ SOD1 ̨¶Ŋ*A
fALSɚÀ/>! 20%.SOD1̨¶Ŋ/Ŀɔ˳:?B[45,46]Ǚǫ«/ fALS
Ƙʮ.Ǥ;Łˡ?BA[48]ɉǟȸ*0185ɼ͜/əĦƖĿɔ SOD1̨¶Ŋ
.đœB)@ͯĩ1-3Ͱ[45,46]3ɼ͜/ĿɔͯN86S, D90A, D96NͰE̓)
Ý)/ɚÀ͛Ɩ̨¶*A[44–46]7#ɞɚźͮ<ʫəǨ̼-,Ŀɔ/ɼ͜
.>&)łɔ-A+;ĶėB)A[49,50]!/˲ʗ-ɋɐ.')0
ǜ?+-&)- 
 fALSƘʮ/ SOD1̨¶Ŋ.ĿɔđœB#ƅê0Ŀɔ.· SOD1
ȠƖ/º O2-/°˹ɔŷEƁ̆ALS/ɞɚ.̽A/*0-
+ʭ?B#[51,52]SOD1̨¶ŊEȆƿ#K^*0 ALSǿ/ɚɄ
ˡ?B-+0[53]SOD1ȠƖ/ºġń ALSEɞɚA+ʭ
+0ɪɦA7# ̷¨ ̵JO/̫¹Ŋ+-AHp̮<çŊà S-SʛĐ
.̽AHp̮.ŞƔAĿɔ0SOD1 /ȠƖEłŸ.ºA[54]
'/ĿɔİSOD10̱ɍİ+56ĿD?-̭ʔȠƖEÆƯ)A[55–57]
>&)Ŀɔ.· SOD1/ɍɋȅʶġń*0-ǔ#-ȑƖ/ɇƎE̙)
ALSɞɚA+ʭ?B)A 
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ĞĠĥÑ SOD16V@+ĄL2D'XS:$V,º Ê 
 SOD1 ̨¶ŊĿɔ.>A fALS ɚÀͯSOD1-ALSͰ*0ˠ-əĿ̪
¹*Aʸ̠ͦ÷mà.Ŀɔİ SOD1 OY<ä͊»+)ɔ
ŷ.˒ɽşÜ»EƆƣ)A+ɬ?B)A[58]'7@Ŀɔ.·&
)Ǿ̛ɔŷû#ͯ ^wNk#ͰSOD1ɶʚʗʵ.Ş)ȑƖEɞ
ƽALS EɞɚA/*0-+ƻǹB)AĿɔİ SOD1 /O
Yû<ä͊+&#^wNiIUALS EɞɚAăĦ-/
A0ALSɞɚ#ʛǱ+)ɍAy`^-/Eǜɴ.A
+0ƚÔ±.ħ͌*A;//ALS /ɞɚ.̽A+EɵŁ/ɯ
ɿƣǱɞ˛B)AÀ1G93A Ŀɔİtj SOD1 EɞɉA ALS /
iK^ͯG93A K^Ͱ*0ALS ǿ/ɚɄɉBA±î?Ŀɔİ
SOD1/ä͊»ʸ̠ͦ÷m.˦ŜBA[59,60]7#G127XĿɔİt
j SOD1 EɞɉA ALS /iK^*0dsT̂/ä͊»Eç˨̓
ąAOjwG]E˴ŢAdsT̂ͯ Beclin 1ͰEȆƿA+Ŀɔİ
SOD1/ä͊ǚǨ.˦ŜBɞɚǚ7A++;.ɍŌǨ̼ɭʦA[61]
?.^wNk# SOD1 E̓ąA+*iK^/ ALS ǿ
ɚɄǉĠA+;ĶėB)A[62,63]À1G93AĿɔİtj SOD1E
Ʃă+)G37RĿɔİtj SOD1EɞɉAiK^.ʶ÷ÛɗEǖ
+*ʸͦ.AĿɔİ SOD1̲ȩŤɍŌǨ̼>! 30Ǚ̼ſ̺
A[62]7#ȉŷ- SOD1 *B1¦̲»ɒ͓.ı;B)A̪¹ͯArg143-
Ile151ͰEƩă+)G93AK^.ʶ÷ÛɗEǖ+ʸͦ.A SOD1O
Y/˒ɽƧíBɍŌǨ̼;ſ̺#[63]'7@Ŀɔ.·&) SOD1
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^wNkA+*ALSEɞɚA+ɵĝBA 
 ^wNk# SOD1ɶʚĿƖ.'-AʗʵȑƖE,/>
.ɞƽA/.')0Ł/ɯɿ-B)AÀ1ɍ»à.)
^wNk#dsT̂0uRfûB#ƌ.yhHb.̠
1B̚ <.ç˨̓ąBA[64]Ŀɔİ SOD1/OY<ä͊»0
yhHbE˱7?)	7+*ɔŷ-dsT̂/ç˨åɋȅ
ʶEºʗʵ.ȑƖEɞƽA+ƻǹB)A[65]^wNk
#dsT̂§.̧ƪɠ'ʶ ÷ɠ.ɥ§¾ɏA+*ä͊»<
OYEƆƣA/0œ*0-ʗʵà0ǿ-ɍ»çŊ.>&)
ı:ŦB#çŊTKiIUɌĻ*A+EʭƟA+[66]ǿ-d
sT̂ä͊»<OY.ű̐7B)A+;Øç.ʭ?BAŔ͇
ALS Ƙʮ/ʸ̠ͦ÷m*0uRfûB#dsT̂şÜ»
+)˒ɽ)A[67]7#Ŀɔİ SOD1 0jXkH/ȅʶEº
A+;ƻǹB)A[68–73]À1G93AK^/ʸ̠ͦ÷m.
)jXkHɔŷ.˂ƃˁ ̼^|^. SOD1/OY
˒ɽA+ĶėB)A[68]?.^wNk# SOD1j
XkH/ŀˁ.ŌĭA TOM˞Đ»+ɥ§¾ɏA+*jXk
H3/dsT̂/Ċ@̐8E̿ŖA+;ƻǹB)A[74] 
 Ŀɔİ SOD1 0^wNiIU.·&)ʗʵȑƖEɞƽA+
ʭ?BAHp̮Ŀɔ- ,/>.) SOD1E^wNk
)7/*C!/Pm_Eǜ?.*B1ALS/șɝț̻
ɞ.˿Ʌ*A+ʭ?BAĿɔ.·&) SOD1/ʁ»Ǿ̛Ŀûä͊»
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<OYEƆƣA+ʭ?BA}İ SOD10 80oC±/ȽåɋE
˘&);ȠƖEÆƯ)A5,͒ŷ.Őœ-Ǿ̛*A[75]SOD1/Őœ-Ń
ȻǾ̛EĿûA 185 ɼ͜/Ŀɔ.Þ̙#Pm_0ǜ?*-;/
/SOD1/ŃȻǾ̛/Őœû.0̷JO¨̵JO/ʛĐć2çŊà
S-SʛĐ/Ɔƣ͒ŷ.̰ˠ-ƈñEƬ&)A[27,31]Ŕ͇̳ūJOE˨͋
#Hİ SOD1/ĿƖȸȪžͯ Tm: Ȯȥ/ 50%/dsT̂çŊĿƖ
)AȪžͰ0 52oC +-@[76]?. S-S ʛĐèǓBA+Tm0 42oC 7
*ºA[36]>&)̳ūJO/ʛĐ< S-S ʛĐ/ƆƣĿɔİ SOD1 .
)ɔŷ+-A#:.SOD10ŃȻǾ̛EʟƯ*--@ä͊»<O
YɍA/*0-+ʭ?BA 
 
ĞġĥALSÑ SOD1xė 

̳ūJO˥ĚƖ̱ɍİ SOD10̷ JO¨̵JO+ͧ˥ĚƖEǦ
)@!/˨͋œǎ0̷JO* 6.0 x 10-18¨̵JO* 4.2 x 10-14+͒ŷ
.º[77]Ǖ*̪/ ALSĿɔİ SOD1 *0̳ūJO+/˥ĚƖ/º
ĶėB)A[77–81]À1̷ JO/̫¹Ŋ+)ȅʶA His46His48
His120<¨̵JO/̫¹Ŋ+)ȅʶA His71His80Asp83.đœBA
Hp̮Ŀɔͯĩ1-3Ͱ.>&)!B"B/̳ūJO+/ʛĐłŸ.Ƨ
?BA[78,80,81]7#̳ ūJOʛĐ.ɤƹ̽AHp̮*-);̳ūJ
O+/˥ĚƖºAĿɔͯÀ1A4VL38VI113T-,Ͱ;ĶėB
)A[77,79]̱ ɍİ+đɻž/̳ūJO˥ĚƖEɵĿɔİ SOD1;
ŌĭA+?[80]Ŀɔ.>A SOD1 /əăƖɇƎE̳ūJO˥ĚƖ/º
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$*0˶ǜA+*- 

S-SʛĐ/ŐœƖ çŊà S-SʛĐ/Ɔƣ0 SOD1/ŃȻǾ̛EŐœûA
*̰ˠ-ƈñEƬ&)@ɍ»à.ɞɉA56Ý)/̱ɍİ SOD10 S-S
ʛĐƆƣİ+)ŌĭA[29,82]Sf21ʗʵͯSpodoptera frugiperdaɐǭ
/ĂŮʗʵͰ. SOD1EɞɉA+̪/Ŀɔİ SOD1ͯ H48RG85R-,Ͱ
0 S-SʛĐèǓB#ɄƝ*ɞɉA+ĶėB)A[80]7#̱ ɍİ
SOD1/çŊà S-SʛĐE̩×A#:.010 mM±/ Tris (2-carboxyethyl) 
phosphineͯTCEPͰƓˠ*A'/Ŀɔİ SOD1/çŊà S-SʛĐ
0>@ºȴž/ TCEP*̩×BA[83]'7@Ŀɔ.>&)çŊà S-Sʛ
Đ/ŐœƖº)A+ƻǹB)A[83]̳ ūJO˥ĚƖ
+đÝ)/ ALS Ŀɔİ SOD1 *çŊà S-S ʛĐ/ŐœƖº)A
D*0- 

ȽŐœƖçŊà S-S ʛĐEǦ#}İ/ SOD1 0 90oC ±/ TmEɵ
̳ ūJO˨͋A+Tm0 52oC7*ºA[76]Ł/ ALSĿɔ0
TmE?.ºA+ɬ?B)@À1G37RĿɔ0 45.4oCA4V
Ŀɔ0 40.5oC 7* TmEA[76]ȽŐœƖ.');Ý)/ ALS
Ŀɔ TmEºAD*0-H46R < D124V Ŀɔ-,0TmE 56oC
.ļłA+ĶėB)A[76] 
 ±>@ALS Ŀɔ0 SOD1 .Ş)̳ūJO+/˥ĚƖº
S-SʛĐ/ŐœƖºȽŐœƖ/º/BA0!B?/Ý)E
Ɓ̆+*SOD1/ŃȻǾ̛EŭĽA+ʭ?BA!/
˲ʗ-Pm_.')0ǜ?+-&)- 
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ĞĢĥSOD1¢êçÈoĕd 
 SOD1+@AɄƝ/%Ǥ;º TmEɵ/S-SʛĐèǓ
B#Hİ SOD1ͯ apo-SOD1SHͰ*@ɍɋɠȪž*0ŁĿƖ)A
#:.ͯ Tm, 42oCͰ[36]Ǿ̛EĿû<+ʭ?BAŔ͇apo-SOD1SH0
ǟ̼++;.HJkǿ/ä͊»EƆƣA+ɬ?B)Aͯ ĩ1-4AͰ[84]
Ŀɔ/ɼ͜.Ɣ)ɔ-AHJkǿǾ̛ƆƣA+;ĶėB)@
ALS əƝ+/ɥ̽.')˻˸B)A[85]7#Ŀɔİtj SOD1 Eɞ
ɉAiK^/ʸͦ.0HJkǿʣʟEǴˊA˕Ú˰˓*A
Thioflavin S.̈́Ɩ/Ǿ̛Ɂɴ˳BA[86]?.G85RĿɔİtj SOD1E
ɞɉAiK^ͯ G85RK^Ͱ/ʸͦ.˒ɽ#ȮƖ/ä͊»0S-S
ʛĐèǓB# G85RĿɔİtj SOD1?ǾƣB)A[82]G93A
K^/ʸͦ.ɞɉASOD1/56Ý)çŊàS-SʛĐEǦ)A+
?[82]S-S ʛĐèǓ.>AHJkǿʣʟ/Ɔƣ0 ALS .Þ̙#əɋŎɠ
Ŀû*A/œ*0-;A4VĿɔİ SOD1EɞɉA fALSƘʮ/
ʸͦ.ˡ?BASOD1̈́Ɩ/şÜ»0HJkǿʣʟEǴˊAThioflavin S
< Congo red*0ǼæA+*-[87]SOD1/HJkǿʣʟEĔ9
ä͊»EG85RK^/ʸͦ.ƹɼA+ɞɚǚ7@ɍŌǨ̼;ɭʦ
A+?SOD1/HJkǿʣʟ0ȑƖ/ɞɉ.̽DA̰ˠ-Ǿ̛Ɂ+;
ʭ?BA[88]!/əɋŎɠ̰ˠƖEǜ?.A#:.0SOD1-ALS
.AǼ˫E>@˲ʗ.̝:AƓˠA 
 
 
 - 14 - 
ĞģĥS-Sæ|+U2RV+  SOD1(R/KX 
 ALSǿ/ɚɄEɞɚ#G93AK^/ʸͦ.0SOD1/çŊ̼ S-S
ʛĐ*T^TB#OYͯ S-SOYͰ˒ɽ)A[59,60,68,89]
SOD1 / S-S OYƆƣ.')0ʐ˝dsT̂Eɏ# in vitro Ŕͤ
E;+.)±.ɵ>-'/Pm_ƻǹB)A 
 7Hİ*çŊà S-SʛĐèǓB# apo-SOD1SHɍɋɠ-
ɌĻ*0Ǿ̛EŘǝ.ĿûA+ʭ?BA+0̔/̙@*AH
Jkǿ/ʣʟEƆƣA5.;apo-SOD1SH/ǦA 4 '/\^hJ
ȌĴͯCys6, Cys57, Cys111, Cys146Ͱ͒ɂɔɠ.̮ûB)çŊ̼*/ S-SʛĐ
EƆƣS-S OYɍAPm_ƻǹB)Aͯĩ1-4BͰ[89]
G85R K^.ɞɉ# G85R Ŀɔİtj SOD1 0S-S ʛĐèǓ
B#ɄƝ*A.;̽D?S-SOY/Ɔƣˡ?B-+?[82]
apo-SOD1SH?͒ɂɔɠ-̮ûE̙) S-S OYEƆƣAD*0-
+ʭ?BA 
 7#SOD1.ŌĭA 4'/\^hJȌĴ/%Cys6+ Cys1110
S-SʛĐ/Ɔƣ.0̽)-;//̮ ûɠ-ɌĻ.)0 Cys6/Cys111
̮ûBA+* SOD1T^TBS-SOYƆƣAP
m_;ƻǹB)Aͯĩ1-4CͰ[90]Ŕ͇Ŀɔİ/ apo-SOD1S-SͯHİ*
S-SʛĐEƆƣ# SOD1ͰE 37oC* 6ǥ̼ǋʪA+čȮƖ/ S-SOY
ƆƣA+ĶėB)A[90,91]OYƆƣ.Ɠˠ+-
Aǟ̼͒ŷ.̺ɍ»à*0OYû>@;Ù.ç˨B)7/
*0-+ʭ?BA;ʗʵ̂.0ͧȴž/̩×İUdfOŌ
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ĭA#:.[92]\^hJȌĴ̮ûB)ǔ#- S-SʛĐƆƣA/
0ɖğ*A7#ALS /ăĦ+-A C6F Ŀɔİ SOD1 0fOfO
j+)ŌĭA\^hJȌĴ Cys111$*A.;̽D?ĳ͡ʗ
ʵà*̲»±/ S-SOYEƆƣA+ĶėB)@[93]\^h
JȌĴ/̮û*0S-SOY/ƆƣPm_E˶ǜA+*- 
 ɷƤūAɯɿŕ*0SOD1/çŊà S-SʛĐɔ-AçŊ.Ō
ĭA\^hJȌĴͯfOjĴͰ.>&)ȖǷǊǂEċA+*S-S
OYƆƣAPm_Eƻǹ)Aͯĩ1-4DͰ[94]ALS Ŀɔ.>
A SOD1/wNkǾ̛/ŐœûEĿƖï*AUHm]ĸ̮ĸEô
A+*âɉapo-SOD1S-S/çŊ̼.)\^hJȌĴͯ Cys6, Cys111Ͱ
 Cys57-Cys146/çŊà S-S ʛĐEȖǷǊǂA+*S-S ʛĐ*T^
TB#ȮƖ/ S-SOYƆƣA+Eˡæ#[94]ŃȻǾ
̛.)04'/\^hJȌĴ0§.͋B#¹ʪ.Ōĭ)@,/
>-Ǿ̛ĿûɍA+* S-SʛĐ/ʙ8Ƽčʶ+-A/!/˲ʗ
-Pm_0ǜ?+-&)- 
 
ĞĤĥ¯ĂªÖÕ 
 ±.̔4#>.SOD1̨¶ŊĿɔ.·ALS/əɋ˨ǜEɣư
ɯɿʐóɠ.-B)A;//ɘƘ/ɞɚ.̽DAĿɔİ SOD1/^w
NiIU.')0ǩ$.˸¥/ɠ+-&)A\^hJȌĴ̽
- SOD1/OYû.');ƻǹB)A[95–97]ǫ˸ǐ*0
iK^.)ɞɚ++;.ƆƣA+ɴ˳B)AS-SOY
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.ȺȸE)!/ƆƣíƏ/Pm_Eǜ?.A+Eɣɠ+# 
 ǫ˸ǐ0 5'/ʂ?ǾƣB)AŽ˸*Aǫʂ.Ɓʞʄ
ͳʂ.)0ǫɯɿ*¿ɏ#ʐ˝dsT̂/¾˝ƥțć2Ĵǫɠ-
ɍûŎɠŔͤ/ƥț.')˶ǜAʄʹʂ*0apo-SOD1S-S .A S-S
ʛĐ/ʙ8ƼĈƔ/Pm_Eǜ?.A++;.S-SOYƆƣ
EƧíAûĐɁ.')!/đœ? ALS șɝ˓+)/Ūǧ.ˆA7*
ʭŜE˘&#ʄ͵ʂ*0S-SOY/Ɔƣ.'-A SOD1/Ǿ̛=?
.')çÚŎɠǾ̛ɍɁŎɠƥțEͣ¿A+*ǜ?.SOD1
/^wNiIU.')ǔ#-Pm_EƻĞAʄͶʂ*0ʄ
ʹʂć2ʄ͵ʂ*Ǝ?B#ʛǱE;+.)S-SʛĐ/ʙ8Ƽ.>@Ɔ
ƣA S-S OYSOD1-ALS /ɞɚ.Ǳ#ƈñ.')ʭŜE˘
Ǥƌ.S-SʛĐ.ɨɣ)ďɼ/tjɘƘ.ˡ?BAdsT̂/Ǿ̛ɔŷ
/Pm_+əɋ+/̜̽.')ʭŜS-SʛĐ/ƆƣíƏɔŷtjɘ
Ƙ/ɞɚ.Ǳ#ƈñ.')˻˸# 
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1-1 SOD1æ­¶ĉ (A) SOD1 /ʛǡǾ̛ͯPDB ID: 2V0AͰ/~ĩć2
(B) j]ĩEɵ#SOD1 0 8 ǫ/!-^jkͯ!1-!8Ͱ+ł- 2 '/
yǾ̛ͯLoop IV, Loop VIIͰEƯ' 
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1-2 SOD1ď%(Væ| S-Sæ|¢ĜPDB ID: 2V0Aĝ SOD1 0}¦
̲»ͯȵˊ+ʡˊͰ+)Ōĭ)@ď/Zxmgj.0̷JOͯ͐Ͱć
2¨̵JOͯ̄ͰʛĐCys57-Cys146/̼*çŊà S-S ʛĐƆƣASOD1
.0Cys57Cys146/®.; 2 '/\^hJȌĴͯCys6, Cys111ͰŌĭA!
B?0 S-S ʛĐ/Ɔƣ.0̽-7#Ĵ̂*A O2-/Ċ@̐8.̰ˠ+B
A Arg143.');ɵ# 
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1-3 fALS  SOD1#L?čÑ[45,46] fALS.)ɉĭ7
*.ĶėB)A SOD1 ̨¶ŊĿɔ.>AHp̮/ʪƼȆńć2w\w
jĿɔESOD1 /ȇǾ̛.ɵ#7#SOD1 /¦ȇǾ̛ͯ!1-!8, Loop I-VIIͰ
ć2̳ūJOʛĐ/̫¹ŊͯCu, ZnͰ.');ɵ# 
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1-4 S-Sæ|Ĕ[ SOD1L2D'XS:$V,åĆ çŊà S-SʛĐèǓ
B#Hİ SOD1ͯapo-SOD1SHͰ?(A) HJkǿ/ä͊»/ƆƣA0
(B) \^hJȌĴ/͒ɂɔɠ-̮û.>AOYûƻǹB)A[84,89]S-Sʛ
ĐEƆƣ#Hİ SOD1ͯapo-SOD1S-SͰ.);(C) çŊà S-S ʛĐ/Ɔƣ.̽
- Cys6Cys111/̮ûA0(D) ɔ-A SOD1 çŊ/ S-S ʛĐ+ʙ8ƼD
A+*OYû̝˘APm_ƻǹB)A[90,94] 
 ÞğÝ 
SOD16V@+Ąā÷£¾ 
¯Õû±£¾ 
 
 


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 ǫɯɿ*¿ɏ#Ý)/rgwGȮȥ0̇ʓȔ˝̛˜ʪͯDirect-
Q UV3, MilliporeͰ?ƷȔ#Milli-QȔͯȒƫƩË 18.2 M" cm±ͰEɏ
)¾˝ǫ˸ǐ.A H2O0 Milli-QȔEɵ 
 
ğĞĥ6V@+ĄÔËÏFQ2L<H+6Xe÷ 
 ǫɯɿ*¿ɏ# SOD1dsT̂0NǪʃ. HisdUE˖Đ#
tj SOD1 / cDNA Eʙ8̐F$ pET-15bͯNovagenͰͯ ĩ2-1ͰEìɏ)ł
ʿˎ.ɞɉA+*¾˝#7#SOD13/Hp̮Ŀɔͯ C6Sć2
C111SͰ/ŢÜ0KOD-FX-Neo DNA polymeraseͯTOYOBOͰEɏ# Inverse 
PCRț.>&)˘!/͇.¿ɏ#yJE˛2-1.ˬ̍#ǫɯɿ
*0G37R/C6Sć2G37R/C111S Ŀɔİ SOD1 /ɞɉɏy^kE¾˝
DNA ̫é/˨ǯE˘+*ĿɔŢÜB)A+Eɴ˳#ͯĩ
2-2Ͱ-̱ɍİͯWTͰG37RG85RC6SC111SC6S/C111Sć2
G37R/C6S/C111SĿɔİ SOD1/ɞɉɏy^k0ɷƤūAɯɿŕ.)
ǘ.¾˝B#;/E¿ɏ# 
 
ğğĥ6V@+Ąe÷ x à÷ 
 ǫɯɿ*0̱ɍİ-?2.ďɼ/Ŀɔİ SOD1E¾˝#̱
ɍİ SOD1E°˛À+)±.!/ǕțʛǱEɵC6SC111SG37R-
,/ĿɔE SOD1.ŢÜ);̱ɍİ/˷˝ʛǱ+ɥ̤0-&# 
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ğğĞĥðòĄć¨ x ,R4UXS2;8+e÷ 

Ɔ̂̊Ƽ71 µL/y^kͯ ʒ 0.2 g/LͰE50 µL/łʿˎ SHuffleTM
ͯNew England BiolabsͰXvhj`.ô)ȕ. 20 ç̼͑ʪ#ƌ
42oC* 30ɹ̼/tj\gTE#ȇ.ȕ* 5ç̼͑ʪ#ƌ950 
µL/ LBȥ»ĳĮͯLB Broth, Ready-Made Powder, #J75852, AffymetrixͰEô)
37oC* 1ǟ̼Ʋɢͯ200 rpmͰ̥ƒç͋ͯ10,000 x g, 5 sͰ.>@łʿˎE|
gj+)ĥĉ#Ǥƌ.800 µL/ȨͯĳĮͰE̓ą)?Ȍ@/
Ȩ.łʿˎEâƢȳÝ̲E 50 µg/mL/Hv\EĔ9 LB śŃĳ
ĮͯLB/AmpśŃĳĮͰ.ǃ)30oC* 16ǟ̼͑ʪĳ͡# 

U`^jgT/¾˝LB/AmpśŃĳĮ.ɍ#˞ǎ/XmE 50 
µg/mL/Hv\EĔ9 5 mL/ LB ȥ»ĳĮͯLB/Amp ȥ»ĳĮͰ.ǻˎ
30oC* 16ǟ̼Ʋɢĳͯ͡200 rpmͰE˘&#!/ƌ425 µL/ĳ͡ȥE
75 µL/ȯˎåɋ#U`ͯʘȴž 15% v/vͰ+>ȦĐ-80oC/i
Iyw[.)ãʛÆŌ# 
 
ğğğĥSOD16V@+ĄÔËWà÷ 

ɞɉ˴ŢƆ̂̊Ƽ#łʿˎ/U`^jgTE5 mL / LB/Amp
ȥ»ĳĮ.ǻˎ30oC* 16ǟ̼Ʋɢĳͯ͡200 rpmͰA+*îĳ͡E˘&
#Ý)/îĳ͡ȥE 500 mL/ LB/Ampȥ»ĳĮ.ô)600 nm/ÚŎŚž
ͯOD600Ͱ 0.5 .-A7* 30oC*/Ʋɢĳͯ͡ 150 rpmͰE˘&#ͯ >! 3 ǟ
̼Ͱ!/ƌʘȴž0.5 mM+-A>. isopropyl-!-D-1-thiogalactopyranoside
ͯIPTGͰEȧô)20oC*/Ʋɢĳͯ͡150 rpmͰE 16ǟ̼˘SOD1d
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sT̂/ɞɉE˴Ţ#ĳ͡#łʿˎ04oC */̥ƒç͋ͯ3,000 rpm, 
AllegraTM 6KR Centrifuge, Beckman CoulterͰE 15ç̼˘Ť̲/Ȩͯ ĳĮͰ
++;.Ƣȳ)? 50 mL̥Șʉ.ɺâ2 4oC*/̥ƒç͋ͯ 3,000 x gͰ
E 15ç̼˘+*͊ˎ# 

ȮˎƎ?B#łʿˎ|gj07.2 mg/mL DNaseI0.5 mM MgSO4ć2
2% Triton X-100 EĔ9 20 mL/̮ʤ˙ɍɋ͞ĸȔͯPBSͰ.Ƣȳ)
?ȕ*͔̇Ȝɱɰͯ30 W, 10 s ON/10 s OFF/total 2.5 min, Q500, QsonicaͰA
+*Ȯˎ4oC*/̥ƒç͋ͯ20,000 x gͰE 15ç̼˘+*Ǝ?BA
ȨͯȮˎȥͰEĥĉ# 

Ni2+-HwImhITjUwI Ni2+-HwImhIPͯ HisTrapHP, 
1 mL, GE HealthcareͰEɏ)HisdU˖Đİ SOD1ͯHis-SOD1Ͱ/ʐ˝E˘
&#ºĬȥ»TjUwI\^hͯÄKTA start, GE HealthcareͰ.ƹʞ
# Ni2+-HwImhIPE10 mL/ H2O*ȟȢ#ƌ.10 mL/ 50 
mM Sodium phosphate (Na-Pi)/500 mM NaCl/50 mM Imidazole, pH 7ͯ ArgwGͰ
*Ź˚û0.22 µm/\]wId*C̡#ȮˎȥEP.ŢÜ
A+* His-SOD1 Eȃʷ.ʛĐ#!/ƌ280 nm /ĕÚž 0 ¯̒*
œ.-A7* A rgwG*PEȟȢ)?50 mM Na-Pi/100 mM 
NaCl/250 mM Imidazole, pH 7Eȡ+*280 nm.ĕĉˡ?BAɑçͯ
>! 5 mLͰE His-SOD1+)ĥĉ# 

ʹ̳ūHis-SOD1.ʛĐ#̷¨̵JOE̓ą#Hİ/ SOD1E¾
˝A#:.ŕȪ* H2O. 30ç̼ȣ+*˥ȔûåɋE˘&#̗ǯf
xͯSpectra/Por 1 Membranes, MWCO 6-8,000, SPECTRUMͰ. His-SOD1EȝÜ
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1 L/ 50 mM CH3COONa/100 mM NaCl/10 mM ethylenediaminetetraacetic acid 
(EDTA), pH 4.Ş)4oC* 16ǟ̼̗ǯ#!/ƌ̗ǯŀȥE 1 L/ 100 
mM Na-Pi/100 mM NaCl/5 mM EDTA, pH 7.4ͯ NNErgwGͰ.Ŀǣ4oC*
/̗ǯE?. 6ǟ̼˘&#̗ ǯfx?ZyEĊ@æ̥ ƒç͋
ͯ20,000 x g, 15 min, 4oCͰA+*ȮɁE̓ą# 

HisdU/èǓ NǪʃ.˖Đ# HisdUEèǓA#:.̗ǯƌ/H
İ His-SOD1 /ȴžE 200 µM +-A>. NNE rgwG*˷Ǐ500 µL
#@ 3 µL/ 1 unit/µL Thrombin/PBSͯGE HealthcareͰEô)20oC* 20ǟ
̼͑ʪ#SOD1/ NǪʃ.˖Đ# HisdUèǓBA+çŊ̲ 1,700
ºA+?SDS-PAGEW*/ɺ÷ž/ļłE;+.)HisdU/
èǓEɴ˳A+*Aͯ ĩ2-3AͰ7#MALDI-TOF̲̂çǯͯ ͳͶʊͰ
.>A+ju.>AåɋE˘+*HisdUèǓB# SOD1/
̲̂vTͯm/z 16,217Ͱɴ˳BA/.Ş)His-SOD1.ŞƔÂ̲v
Tͯ m/z 17,968Ͱ0˳:?B-&#+?HisdUèǓB)A+
Eɴ˳#ͯĩ2-4Ͱ 
 Ȯȥ.juȌŌ)A+SOD1͒ɂɔɠ.ç˨BA
čʶƖA#:HiTrap Benzamidine FFͯ1 mL, GE HealthcareͰEìɏ)
dsT̂Ȯȥ?juE̓ą#7ÄKTA start.ƹʞ# HiTrap 
Benzamidine FFPE 5 mL/ H2O*ȟȢ5 mL/ 100 mM Na-Pi/500 mM 
NaCl/5 mM EDTA, pH 7ͯ BrgwGͰ*Ź˚û#ƌju+ĈƔ
#dsT̂Ȯȥͯ200 µM>! 12 mLͰEP.ŢÜ#P?Ȯ
æ)#dsT̂ȮȥEÝ)ĥĉ?.BrgwGEP.ŢÜ
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)280 nm /ĕĉ8?BAɑçEĥĉ#Ǝ?B#Ȯæȥ0̥ƒƀw
IdmgjͯAmicon Ultra 0.5 mL centrifugal device, 10K MWCO, MilliporeͰ
Eɏ)2 mL±.-A7*ȴʦͯ10,000 x g, 4oCͰ# 

ZJ_ƶ̓TjUwI̔/ƥț.>@juE̓ą#d
sT̂Ȯȥͯ>! 2 mLͰE4oC*/̥ƒç͋ͯ20,000 x gͰE 15ç̼˘
+*ȮɁE̓ą#ƌ.ͧ̚ȥ»TjUwI\^hͯLaChrom, 
HitachiͰ.ƹʞ#WC̡PͯCosmosil 5-Diol-300-II, nacalai tesqueͰ.Ţ
Ü#ZyEŢÜAî.PE NNErgwG*Ź˚û)
ȡ̚E 0.5 mL/minPOx/ȪžE 15oC.˭œ)dsT̂
ȮȥEŢÜ#280 nm /ĕĉEɵȮævTͯ>! 1.5 mLͰEçĊ
̥ƒƀwIdmgjͯAmicon Ultra 0.5 mL centrifugal device, 10K MWCO, 
MilliporeͰEɏ)300 µLɻž.-A7*ȴʦͯ10,000 x g, 4oCͰ# 

SOD1.A̳ūJOʛĐ+ S-SʛĐƆƣ/ɴ˳ ˬ/ƥ͗.ƍ&)ʐ
˝# SOD1.')̳ ūJO/ʛĐ+ S-SʛĐ/ƆƣEɴ˳#7
̳ūJO/ʛĐEȒˊœ̲țͯͳͷʊͰ.>@ɴ˳#+CSOD1 .ʛ
Đ#̷¨̵JO/ñĐ0 1%±*&#'7@̳ūJO˨͋
#Hİ+)ʐ˝*)A+ɴ˳B# 
 ȇ.ʐ˝# SOD1.A S-SʛĐ/Ɔƣ0 SDS-PAGEͯ ͳ͵Ͳ
͖Ͱ.>@ɴ˳#SOD1.çŊà S-SʛĐƆƣA+*SDS-PAGEW
.Aɺ÷žļłA+Eìɏ#ƥț*A[29]7ʐ˝#SOD1
. 3 x LaemmliZyrgwGͯ˛2-2Ͱ+ʘȴž 100 mM+-A>.
iodoacetamideͯIAͰEô)37oC * 1 ǟ̼͑ʪA+*\^hJȌĴ/
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fOfOjĴEPrkfû#!/ƌS-SʛĐEèǓ
A̩×ï*A!-mercaptoethanolͯ !-MEͰEȧôͯʘȴž 5%ͰA0ȧô
.ZyE 100oC * 5ç̼ôȽ#ƌ12.5%HTHkW
Eɏ) SDS-PAGEE˘&#ĩ2-3B.ɵ#>.̩×ïͯ!-MEͰEô
A+*SOD1/ɺ÷žº)A+?çŊà. S-SʛĐƆƣ
)A+Eɴ˳# 
 
ğĠĥSOD1ÄĎ 
 dsT̂/ȴž0jyjwGf\ć2]^wIk
ͯS-SͰʛĐ.ɐǭA 280 nm*/ĕÚžE;+.ʈæ*280 nm.A
ĕÚÄǎͯ#280Ͱ0ˬ/ƀ 2-1.>&)Ȗ:A+*A 
#280 (cm-1M-1) = (Trp) x 5,500 + (Tyr) x 1,490 + (S-S) x 125   ͯ2-1Ͱ 
ͯTrpͰͯ TyrͰć2ͯ S-SͰ0!B"BdsT̂ǦAjyjwG
f\ć2S-SʛĐ/ǎE˛ǫɯɿ*¿ɏ# His-SOD1ć2SOD1
0jyjwGE 1 'çŊà S-S ʛĐE 1 'Ǧ)A#:#2800 5,625 
cm-1M-1+˪ʈBA 
 Hp̮/ĕÚÄǎ0dsT̂Ǿ̛.ʪB#ɌĻ.>&)Ŀ
ûA#:ZyE 6 M/UHm]ĸ̮ĸͯGdnͰȔȮȥ*Ŵ̯A+
* SOD1EĿƖ)?ʖŀčˣçÚÚž˪ͯUV-2400PC, ShimadzuͰEɏ
)350 - 250 nm/ĕĉ^|TjEȫœ280 nm/ĕÚžć2ĕ
ÚÄǎͯ5,625 cm-1M-1ͰEɏ)dsT̂ȴžEȗœ#ͯĩ2-5Ͱ 
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ğġĥĖ¼¿u¾ 
ğġĞĥSDS-JR#+RS#L<-SĖ¼¿u¾ĜSDS-PAGEĝ 
 HTHkW¾˝ɏ/Q^ǮEʙ8ʁ)>! 6 mL/
12.5%HTHkȮȥͯ ˛2-2ͰEȡ̐F$ƌW͓EȔŹ.A#:.
2 mL /Ȕ͟Ě 2-xdpEW̪?ô)ŕȪ* 30 ç̼͑ʪA+
*ç͋WE¾˝#!/ƌH2O* 2-xdpEȟȡ200 µL/ 5%
HTHkȮȥͯ˛2-2Ͱ*WǮà̪/ÞȟE˘&)?WǮ/
ʃ7* 5%HTHkȮȥͯ>! 2 mLͰEȡ̐8XEŰ̐F*
?ŕȪ* 30ç̼͑ʪA+*12.5%HTHkWE¾˝# 
 >! 3 µg/dsT̂Ĕ7BA>.˷˝# 10 µL/Zy
.5 µL/ 3 x LaemmliZyrgwGͯ˛2-2ͰEô)100oC * 5ç̼
ôȽåɋEǖ#S-SʛĐEèǓA#:.̩×Ǭ³*ZyE˨ǯAķ
Đ.0ʘȴž 5%+-A>. 0.75 µL/!-MEEô)ôȽåɋE˘&#
¾˝#WEȞ÷Ȁͯ AE-6530, ATTOͰ.`gjȞ÷rgwGͯ ˛2-2Ͱ
E͎ǽȣA7*ô#ƌ.ZyEKL.HyJ#͎ ȓȞ÷0
W 1ǰ#@ 15 mA/œ͎ȡǬ³* 20ç̼Ȟ÷#ƌ150 V/œ͎ĬǬ³
* 80ç̼Ȟ÷# 
 
ğġğĥUrea-SDS-PAGE 
 ͧȴž/ŧʔEĔF$HTHkWEɏ# SDS-PAGEͯUrea-
SDS-PAGEͰ0̙ŷ/ SDS-PAGE .Ȓ4)ǜɩ-Ȟ÷ÔƎ?BA+đǟ.
ºçŊ̲͚Ĳ/ç͋ʶēA+ɬ?B)A[98]!*ç͋W+
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) 5 M/ŧʔEĔ9 12.5%HTHkȮȥͯ˛2-2ͰE7#ȴʦW+
) 5%HTHkȮȥͯ˛2-2ͰEɏ)ͳ͵Ͳ͖+đǿ/ƥ͗* 5 M
ŧʔ-12.5%HTHkWE¾˝# 
 Urea-SDS-PAGEE˘ķĐȞ÷ɏZy.!-MEĔ7B)A+
ăĦ0>ç?-Ȟ÷Ô¡B)7+Ł&#!*̩ ×Ǭ
³* Urea-SDS-PAGE E˘ķĐ.0Ȟ÷ɏZy. 3 x Laemmli Zy
rgwGͯ ˛2-2Ͱć2ʘȴž 5 mM+-A>. 100 mM/ dithiothreitol
ͯDTTͰEô)100oC* 5ç̼ôȽåɋEǖ#¾˝#WEȞ÷Ȁͯ AE-
6530, ATTOͰ.`gjȞ÷rgwGͯ˛2-2ͰE͎ǽȣA7*ô#
ƌZyEKL.HyJ#͎ȓȞ÷0W 1 ǰ#@ 15 mA /
œ͎ȡǬ³* 30ç̼Ȟ÷#ƌ150 V/œ͎ĬǬ³* 90ç̼Ȟ÷# 
 
ğġĠĥ+K1XERR#V;ESXĜCBBĝ-S³ñ 
 ͎ȓȞ÷ʘ£#ƌWE100 mL/50% CH3OH/5% CH3COOH/H2O
ͯĪœȥͰ.ȣŕȪ* 15ç̼ƲɢA+*W/ȟȢć2dsT
̂/ĪœE˘&#ĪœȥEƴ)#ƌWE 45% CH3OH /10% CH3COOH /H2O
.Ȯ˨# 2.5 mg/mL CBB R-250ͯWakoͰͯ CBBǴˊȥͰ.ȣ)ŕȪ* 1ǟ̼
ƲɢA+*W/ǴˊE˘&#!/ƌCBB ǴˊȥEĥĉ)Ȕ̢
Ȕ*WEȟȢ200 mL/ 25% CH3OH/7% CH3COOH/H2O.ȣ)ŕȪ*
ǠƲɢA+*W/ʹˊE˘&#ʹ ˊȥEƴ))Ȕ̢Ȕ*WEȟȢ
#ƌj^Jod.>@WEǄƇ# 
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ğġġĥđ³ñ¾ 
 ̶Ǵˊ0Ų̀/RgjͯEzStain Silver, #AE-1360, ATTOͰEɏ)˘
&#͎ȓȞ÷ʘ£#ƌWE 100 mL / 1% S-1 Ȯȥ/50% CH3OH/10% 
CH3COOH/H2Oͯ ļƜȥͰ.ȣ)ŕȪ* 30 ç̼A0ǠƲɢ#ļ
ƜȥEƴ)WE 100 mL / 30% CH3OH/H2O .ȣ)ŕȪ* 10 ç̼Ʋɢ
A+*WEȟȢ#đǿ/ǆ¾*;žȟȢE˘&#ƌWE 100 
mL / H2O .ȣ)ŕȪ* 10 ç̼ƲɢA+*?.WEȟȢ#H2O
Eƴ)#ƌWE 100 mL/ 1% S-2Ȯȥ/ H2O̶ͯǴˊȥͰ.ȣ)ŕȪ* 5
ç̼ƲɢA+*W/ǴˊE˘&#ǴˊȥEĥĉ)?̚<.100 mL
/H2OEô)ŕȪ* 30ɹ̼ƲɢA+*W.Ȍ&#½ç-ǴˊȥEȟȢ
#ƌH2OEƴ))WE 100 mL/ 1% S-3Ȯȥ/1% S-4Ȯȥ/H2Oͯ ɞˊȥͰ
.ȣ)ŕȪ*30ɹ̼ƲɢA+*W/ÞȟE˘&#ɞˊȥEƴ))
WEǔ100 mL/ɞˊȥ.ȣ)rkɞˊA7*ŕȪ*Ʋɢ#ƌ
ɞˊȥEƴ))ɤ%. 100 mL/ 1% CH3COOH/ H2OͯÍȈȥͰEô)ŕȪ
* 10 ç̼ƲɢA+*ɞˊEÍȈ#ÍȈȥEƴ))WE 100 mL /
H2O.ȣ)ŕȪ* 10ç̼ƲɢA+*WEȟȢ#ƌj^J
od.>@WEǄƇ# 
 
ğĢĥMALDI-TOFĄĎp±¾ 
 dsT̂/çŊ̲EȫœA#:.MALDI-TOF̲̂çǯț.>A
̲̂çǯE˘&#750 µL/ 20 µM SOD1. 50 µL/ 6 M Gdn/H2O+ 1 µL
/jwO̬̮ͯTFAͰEô)>ȦĐ#ƌ100oC* 5ç̼/ôȽå
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ɋEǖ+*dsT̂EĿƖ#ȇ.ZipTip C-18ͯMilliporeͰEɏ
)Zy/ʹĸE˘&#7ZipTip C-18 E 10 µLɏ/JTv|g
j.Ċ@¯)10 µL/ 50% CH3CN/ H2Oͯ˥ȔûȮȥͰ/ĕƁƶæE 10ĥ
ʩ@̓#ƌ10 µL/ 2% CH3CN/0.1% TFA/ H2OͯȟȢȮȥͰ/ĕƁƶæE
5ĥʩ@̓+*C-18ȃʷ/˥Ȕûć2ȟȢE˘&#ʞ)˷˝
#Zyͯ 100 µLͰ/ĕƁƶæE 20ĥʩ@̓+*dsT̂E ZipTip 
C-18/Ùʃ.Aȃʷ.ĕɨ#!/ƌ10 µL/ȟȢȮȥ*ĕƁƶæE
5ĥʩ@̓˘ë/ǔfx.˷˝#ȟȢȮȥEɏ)đǿ/ƥ͗
E 2ĥʩ@̓+*ȃʷEȟȢ#Ǥƌ.2 µLɻž/ 70% CH3CN/0.1% 
TFA/H2Oͯ ȮæȮȥͰEĕƁdWgjyjͯ MTP 384 target plate ground 
steel TF, #209519, Bruker DaltonicsͰ*v|ghIUǆ¾Eʩ@̓+*d
sT̂EȮæ#Ȯæ#Zy¢ȾAî.50% CH3CN/1% TFA/H2O
.Ȯ˨#\lv̮ͯ#192-13361, WakoͰ/͟ĚȮȥEjgT^+) 2 
µLô)ȦĐŕȪ*˅Ȼ¢ȾA+*ȫœɏ/ZyE˷˝#
?.̲̂̌ȉ.ɏAZy+)0.75 µL / 0.8 mg/mL equine heart 
cytochrome cͯ#10429-84, nacalai tesque, average m/z: 12360.97Ͱć20.75 µL/
0.8 mg/mL equine heart myoglobinͯ#M1882-250MG, sigma, average m/z: 16951.48Ͱ
Eë/dWgj.^gj2 µL /͟Ě\lv̮ȮȥEjgT^+
)ô)ȦĐ#ƌŕȪ*˅Ȼ¢Ⱦ#-˨ ǯŞ˽/Zy+ŀ
̪ȁȭ0§.͉dWgj.^gj#̂ ̲çǯ0MALDI-TOF̲̂
çǯ˪ͯUltraflexTM, Bruker DaltonicsͰ.>@˘&#ȫœ0mH]hIx
JOk*˘˲ʗ-ȫœsd0˛2-3.7+:# 
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ğģĥ»ñĎ¾ĒW^Đ%(VĎ 
 dHg`J̷ȫœ LSͯ #CU03M, MetallogenicsͰć2dHg
`J¨̵ȫœ LSͯ#ZN01M, MetallogenicsͰEɏ#Ȓˊœ̲ț.>@ds
T̂Ȯȥ.Ĕ7BA ̷¨ ̵JOEœ̲#7ʹ ĸPͯ Protein Desalting 
Spin Columns, #89862, ThermoͰ.>@ȫœAZy/rgwGER
gT^åɋ# 10 mM Na-Pi/100 mM NaCl, pH 7.4ͯNNrgwGͰ.ªƼ
ȴžE 20 µM.˷Ǐ#ȇ.5 µL/ NN rgwGRgj¯ū/ȁȭȮ
ȥͯ 200 µg/dLͰć2Zyͯ 20 µMͰE!B"BRgj¯ū/ɞˊȥͯ 100 
µLͰ+ȦĐ)ŕȪ*5ç̼͑ʪ#ʖŀčˣçÚÚž˪ͯ UV-1800, ShimadzuͰ
Eɏ)NNrgwG+ɞˊȥEȦĐ#Ȯȥ*{^Jȫœͯ 700 - 400 
nmͰE˘&#ƌ.ȁȭȮȥ-?2.Zy.ɞˊȥEȦĐ#Ȯȥ/
^|TjEȫœ#ͯĩ2-6Ͱ580 nm̷ͯȫœͰA0560 nmͯ¨̵ȫ
œͰ.AĕÚžE;+.)ˬ/ƀ 2-2, 2-3?Zy.Ĕ7BA̷
JOć2¨̵JO/ȴžEȗœ# 
[Cu] (µM) = 
!"#$%&'()*+,-./0121!"#$%#344*'-./0!"#$%$)5,65'6-./0121!"#$%#344*'-./0 x 31.5   ͯ2-2Ͱ 
[Zn] (µM) = 
!"#$%&'()*+,-.70121!"#$%#344*'-.70!"#$%$)5,65'6-.70121!"#$%#344*'-.70 x 30.6   ͯ2-3Ͱ 
-ͯ Abs, proteinͰͯ Abs, standardͰć2ͯ Abs, bufferͰ0!B"BZy
ȁȭȮȥć2rgwGEȫœA+*Ǝ?B#ĕÚž*A 
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ö2-1 C6S x C111SÑ!lfÏFQ%KX 
yJĒ ĸĴ̫éͯ5’ 	 3’Ͱ ɣɠ 
SOD1(C6S)_f 
gcg acg aag gcc gtg agc gtg 
ctg aag ggc 
C6SĿɔ/ŢÜ 
Thrombin_rev 
cat atg gct gcc gcg cgg cac 
cag gcc gct gct g 
SOD1(C111S)_invPCR_f 
agc atc att ggg cgc aca ctg 
gtg gtc c 
C111SĿɔ/ŢÜ 
SOD1(C111)_invPCR_b 
atg gtc tcc tga gag tga gat 
cac aga atc 
 
ö2-2 Ė¼¿ufÏþôWÃÀä¢ 
12.5%HTHkȮȥ a) 
ͯSDS-PAGEç͋WͰ 
H2O 
30% Acrylamide-0.8% Bis-acrylamide 
1.5 M Tris-HCl, pH 8.8 
10% Ammonium peroxodisulfate (APS) 
N,N,N’,N’-Tetramethylenediamine (TEMED) 
2.25 mL 
3.23 mL 
1.88 mL 
90 µL 
9 µL 
5 M ŧʔ 
12.5%HTHkȮȥ b) 
ͯUrea-SDS-PAGEç͋WͰ 
H2O 
30% Acrylamide-0.8% Bis-acrylamide 
1.5 M Tris-HCl, pH 8.8 
Urea 
10% Ammonium peroxodisulfate (APS) 
N,N,N’,N’-Tetramethylenediamine (TEMED) 
1.05 mL 
4.1 mL 
2.5 mL 
3.0 g 
90 µL 
9 µL 
5%HTHkȮȥ a) 
ͯȴʦWͰ 
H2O 
30% Acrylamide-0.8% Bis-acrylamide 
0.5 M Tris-HCl, pH 6.8 
10% Ammonium peroxodisulfate (APS) 
N,N,N’,N’-Tetramethylenediamine (TEMED) 
1.5 mL 
0.44 mL 
0.55 mL 
25 µL 
4 µL 
3 x LaemmliZyrgwGc) 
ͯ100 mLͰ 
0.5 M Tris, pH 6.8 
Sodium dodecyl sulfate (SDS) 
Glycerol 
Bromophenol Blue 
37.5 mL 
6.0 g 
30.0 mL 
15.0 mg 
Ȟ÷rgwG Tris 
Glysine 
SDS 
25 mM 
191 mM 
0.1% 
a) H2O/Acrylamide/Tris EȦĐ#ƌAPSć2TEMEDEôAb) H2O/Acrylamide/Tris/Urea EȦĐ0.22 µm /
\]wId*ȮɁE̓ą#ƌAPSć2TEMEDEôAc) Ý)ȦĐ#ƌH2O * 100 mL+-
A>.^HgyA 
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ö2-3 MALDI-TOFĄĎp±Â°a 
 dsT̂ͯ10-20 kDaͰ |yfkͯ1-6 kDaͰ 
Ion Source 1 (kV) 25.00 25.00 
Ion Source 2 (kV) 24.00 23.35 
Lens (kV) 9.0 8.5 
PIE (ns) 240 310 
Detector gain 10.0 12.0 
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!1#
"23456 782445 9$+44:*+,444 9$+44;
2-2 DNAČrû± (A) G37R/C6S Ŀɔİć2(B) G37R/C111S Ŀɔİ SOD1
/ɞɉɏy^k.') DNA ̫é˨ǯE˘!B"Bɣɠ+AĿɔͯ C6S
ć2C111S ĿɔͰŢÜB)A+Eɴ˳#-Ǝ?B#MTjU
/̪Eɵ 
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2-3 SDS-PAGE SOD1 His6,q« x S-Sæ|¢Úÿ (A) H
İ His-SOD1 .juEô) 20oC* 20ǟ̼ĈƔ#ƌ2 µg/ SOD1Eɏ)
̩×Ǭ³*/ SDS-PAGEE˘&#(B) ZJ_ƶ̓TjUwI.>@ʐ˝#̱
ɍİ/ apo-SOD1S-Sͯ 2 µgͰ.')!-ME/ȧôͯ +Ͱ͒ȧôͯͰ/Ǭ³* SDS-PAGE
E˘&#rk/ɴ˳0CBBǴˊț.>@˘&# 
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2-4 MALDI-TOFĄĎp±¾ SOD1à÷Úÿ ʐ˝#̱ɍİ/ SOD1 .'
)̂ ̲çǯE˘&#Ǝ?B#̲̂vT0Hp̮̫é?˪ʈBAçŊ̲/ɋ
˸Ëͯm/z 16,217Ͱ+>ˇ)Aͱ*ɵ#̲̂vT0jgT^ͯ\l
v̮Ͱ+/¯ô».ɐǭA;/*A 
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2-5 SOD1â~z2I+;S ̱ɍİ/ apo-SOD1S-SE 6 M Gdn/H2O *Ŵ̯#
ƌ.300 - 250 nm/ĕĉ^|TjEȫœ# 
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2-6 »ñĎ¾ĒW^Đ%(VĎ (A) dHg`J̷ȫœ LSć2
(B) dHg`J¨̵ȫœ LS Eɏ)Hİ/ G37RĿɔİ SOD1S-S.ʛĐ# ̷
¨̵JO/œ̲E˘&#-dHg`J̷ȫœ LS E¿ɏ#ķĐ0ɞˊȥ
+ NNrgwGEȦĐ#ȮȥEɏ){^JȫœE˘dHg`J¨̵
ȫœ LS E¿ɏ#ķĐ0H2O Eɏ){^JȫœE˘&# 
   
 ÞĠÝ 
SOD16V@+Ą(R/KXv 
¤sv|ÆeÏ· 
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ĠĞĥéü 
 ALS 0̠÷mĿƖA+*ʆʱ/ˏʦ<ģ͈ŖEƁ
̆Ǥʘɠ.0ęĕʆͪɜA+*ȋ.ˆAɶʚĿƖɘƘ*A[40]
Ý ALSɚÀ/%>! 90%0ăĦǜ/ōɞƖ$Ȍ@/ 10%.0ŗǗ
Ȋ˳:?BA[44]ɉĭRiluzole+ Edaravoneͯ ĩ3-1Ͱ/ 2ɼ͜/8 ALS/
șɝ˓+)˳čB)A;//Riluzole0̪/Ƙʮ.Ş)ɍŌǨ̼E
2-3 ǥſ̺Edaravone 0ɞɚêǨ/Ƙʮ.Ş)ɚɄ/̝˘E 2 ǥɻ
ž̞?A.-[99]>&)ALS/Ǧö-șɝ˓/̻ɞƕø*A 
 ŗǗȊ/AALSɚÀ/%/ʒ20%.SOD1̨¶ŊĿɔ˳:?B
ĿƖ#ʸ̠ͦ÷m.0^wNk#ĿɔİSOD1dsT̂
ɔŷ.˒ɽA+ɬ?B)A[38,58]Ŀɔİ SOD1/^wNiIU
<ɔŷ-˒ɽALSɞɚ.'-A̠÷mĿƖ/ăĦ-/A
0ʛǱ-/0ǩ$.˸¥ʞ)AĿɔİtj SOD1Eɞɉ
AiK^.)dsT̂ç˨\^hE̿ŖA+* SOD1/ɔ
ŷ˒ɽE©̝A+əƝƙûA+<[61]^wNk# SOD1 E
ìɏ#ʶ÷Ûɗ.>&)ɍŌǨ̼ſ̺A+-,EʭA+[62]Ŀɔİ
SOD1 /^wNiIU<ä͊EƧíAûĐɁ0 ALS /ǔ#-șɝ˓
+)ȅʶA+ǨƊBA 
 B7*.;˕ÚdsT̂E˖Đ# G93A Ŀɔİtj SOD1 E
PC-12ʗʵͯgjðʻͦ̂ɐǭ/˟ˊʗʵʽͰ.ɞɉĿɔİ SOD1/ʗ
ʵàä͊EƧíAûĐɁ/Ƹʕ˘-DB)A[100]ʒ 5ɼ͜/ûĐɁ
?ä͊ƧíöǱ/AûĐɁ/^TmU-Bɔ-AͥǸEƯ' 3ɼ
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͜/ûĐɁͯĩ 3-1, arylsulfanyl pyrazolone, cyclohexane-1,3-dione, pyrimidine 2,4,6-
trioneͰG93AĿɔİtj SOD1/ʗʵàä͊EŔ͇.Ƨíʗʵ/ɍŌɈ
;ēA+ĶėB)A[100]B?/ûĐɁ SOD1+,/>.
ɥ§¾ɏA+*ä͊EƧí)A/0ǜ?*-;//arylsulfanyl 
pyrazoloneć2cyclohexane-1,3-dione/͜ʥ»EG93AĿɔİtj SOD1E
ɞɉ#iK^.ˀʼàƨA+ɍŌǙǎ13%ɻžſ̺A+
;ɵB)A[101,102] 
 Ŀɔ.·SOD1/ä͊.')0Ł/Pm_ƻǹB)A
}¦̲»+)ŌĭA SOD1/þ̲»ûä͊EÅ̝AˠĦ+)ʭ
?Bþ̲»û/ƧíE̙#ä͊Ƨí/ƥțǼ˫B)#Ŕ͇SOD1
/¦̲»ɒ͓.¹ʪArȌĴͯ Val148ͰE\^hJȌĴ.ʪƼCys148-
Cys148/çŊ̼ S-SʛĐ*Zxmgj̼EǳȄA+A4VĿɔİ SOD1/ä
͊ƧíBA[103]7#SOD1 /¦̲»ɒ͓/̒Ï.¹ʪA\^hJȌ
ĴͯCys111Ͱ.ɨɣfOjĴ+ɂɔɠ.ĈƔAJkĴE¯ô
#ǳȄï*Zxmgj/ Cys111̼EǳȄ#@\^yfEȧôA
+*ɟ̳JOE̫¹#@A+*SOD1/ȽŐœƖEłŸ.ē
A+*˰ ͤʉàć2ĳ͡ʗʵà.AĿɔİ SOD1/ä͊EƧ
íA+*A[104,105]?.SOD1 /¦̲»ɒ͓.¹ʪA Val148 ¯̒
/68	EìɏA+*SOD1 /¦̲»Ǿ̛EŐœûAûĐɁ/ in 
silico^TmU;˘-DB)A[106,107]ʒ 15Õɼ͜/ûĐɁ/%
68.ˉwIgjA+¤ƚB#ûĐɁ0A4V Ŀɔİ SOD1 /ä͊E in 
vitro.);Ƨí*A+ç&#[106,107]ʛǡǾ̛˨ǯ-,.
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>A+68.wIgjA+ʭ?B#ûĐɁ0Ŕ͇.0 Val148¯̒/
68.0ʛĐ)?¦̲»/ɒ͓?0͋B#¹ʪͯ Trp32< Lys128¯̒Ͱ
.ʛĐA+ǜ?+-&#[108,109]'7@¦̲»ɒ͓.́?SOD1+
ɥ§¾ɏA+* SOD1/ŃȻǾ̛EŐœûä͊EƧí*AûĐɁ/Ō
ĭɵĝBA 
 SOD1/ä͊EƧíAûĐɁEƸʕA#:.0ɍ»à*̝˘A
SOD1/Ǿ̛ɔŷûE˰ͤʉà*âɉAƓˠAʐ˝# SOD1dsT
̂0ŔͤǬ³.Ɣ)HJkǿ/ʣʟ<HwG^/ä͊»EƆƣA
+ɬ?B)A[84,110,111]ALS ǿ/ɚɄEĖAiK^/ʸͦ.0
SOD1  S-S ʛĐ*T^TB#ȮƖ/OYͯS-S OYͰ
ƆƣA[68,89]ɷƤūAɯɿŕ*0ĿƖï*AUHm]ĸ̮ĸͯ GdnͰ
/Ōĭ*çŊà S-SʛĐEǦ#̳ūJO˨͋İͯ HİͰ/ SOD1ͯ apo-
SOD1S-SͰEƲɢA+S-SOY/ƆƣEâɉ*A+EĶė#[94]
Gdn/ȧô.>&) SOD1/ŃȻǾ̛ŐœûçŊà.Ɔƣ)A S-S
ʛĐɔ-AçŊ.ŌĭA\^hJȌĴ/fOjĴ?ȖǷǊǂEċ
A+*S-SOYƆƣA/*0-+ƻǹ)A[94]!*
ǫɯɿ*0ŃȻǾ̛/Őœû.>A SOD1/ S-SOYƆƣ.ɨɣ
˰ͤʉà.AĿɔİ SOD1 / S-S OYƆƣEƧíAûĐɁ.'
)ʍī͞ěü˓ěŨͯU.S. Food and Drug Administration, FDAͰ.˳čB#˓
Ɂ/JxEɏ)^TmUE˘&# 
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ĠğĥĚ£¾ 
ĠğĞĥ6V@+Ąe÷ x à÷ 
 G37RĿɔİ/ apo-SOD1S-Sͯ apo-SOD1(G37R)S-SͰ0ͳͳʊ.ˬ̍
#ƥț.ƍ¾˝ʐ˝#7#42 È/̜ʞ#UdEǦAq
ffdsT̂/MRb 1͚Ĳͯ PolyQ42-HTTEX1Ͱ0ǘĶ[112].#&
)UdfO-S-j^wLaͯ GSTͰ+/˖ĐdsT̂+)¾˝
ʐ˝# 
 
ĠğğĥG37RÑSOD1(R/KXv!¤sv|Æ2+RX>V, 
 ǫɯɿ*0FDA.>@ǘ.Ʀ˳B#640ɼ͜/ûĐɁ?-AFDA 
approved drug libraryͯ #BML-2841, Enzo Life ScienceͰEɏ)G37RĿɔİ SOD1
/OYûEƧíAûĐɁ/^TmUE˘&#ǫJx0
ǿ-ɘƘ.ŞAü˓ěûĐɁĔ7B)@!B"B/ûĐɁ02.0 mg/mL
/ȴž*]f^}R\kͯDMSOͰ.Ȯ˨#ɄƝ*ƻÁB)A 
 796ɾyjͯ#4845-96F, WATSONͰ/ďKL.1 M/ Gdn
EĔ9 100 mM sodium phosphate (Na-Pi)/100 mM NaCl/5 mM ethylenediamine-
tetraacetic acid (EDTA), pH 7.4ͯNNE rgwGͰ.Ȯ˨# 20 µM / apo-
SOD1(G37R)S-SE 150 µL `gj#ƌ1.5 µL /JxûĐɁEô#
ͯʘȴž 20 µg/mLͰ-1.5 µL/ DMSOEô#ZyEŞȼ+)ɏƛ
#7#Zy/ǅƭöɈEA#:.ďKL. 1ʎ/H`d
ͯPOMͰɊͯ3/32 inch, SANPLATECͰEÜByj\LPͯMBR-
022UP, TAITECͰEɏ) 37oC*Ʋɢͯ1,200 rpmͰA+*Ŀɔİ SOD1/
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ä͊ĈƔEǼ˫#ƲɢE̻Ň)œǟ̼ƌ.yjeͯEpock, 
BioTekͰEɏ) 350 nm.AĕÚžEȫœȮȥȳž/ĿûË̕# 
 ƲɢE̻Ň)? 12 ǟ̼ƌ.ZyEĥĉ4oC */̥̇ƒç
͋ͯ110,000 x gͰE 15ç̼˘+*čȮƖɑçͯȨͰ+ȮƖɑçͯȘ
ȎͰ.çɑ#čȮƖɑç.')0PAGE Clean Up Kitͯnacalai tesqueͰE
ɏ)dsT̂EȘȎ+)ĥĉȮȥ.Ĕ7BA Gdn E̓ą#!B
"B/ȘȎ. 2%ͯw/vͰ/ki\ɲ̮ljKͯSDSͰ+ 100 mM /
iodoacetamideͯIAͰEĔ9̮ʤ˙ɍɋ͞ĸȔͯPBSͰEô͔̇Ȝɱɰ
A+* SOD1EȮ˨!-MEEȧô-̩͒×Ǭ³*/ SDS-PAGE.>
@˨ǯ# 
 
ĠğĠĥÛą´ÅĎÂĜDSCĝ6V@+ĄÅ ýh 
 SOD1/ȽŐœƖ.')Ǽ˫A#:.DSCE˘&#ͯ -±
/ǆ¾0çŊɸŎɯɿƤ.)˘&#Ͱ7NNErgwG*Ź˚û#W
C̡PͯCosmosil 5-Diol-300-II, nacalai tesqueͰ.>! 1 mM / apo-
SOD1(G37R)S-Sͯ1 mLͰEkZJ_ƶ̓TjUwI.>@rg
wGEªƼ#Ǝ?B#Ȯæȥ0̥ƒƀwIdmgjͯAmicon Ultra 
0.5 mL centrifugal device, 10,000 MWCO, MilliporeͰEɏ)ȴʦͯ 10,000 x g, 4oCͰ
Ɛ̲çÚÚž˪ͯ NanoDrop 2000, ThermoͰ.>@dsT̂ȴžEȫœ#
̔/ZJ_ƶ̓TjUwI/͇.mUrgwG+)¿ɏ
#NNErgwGEɏA+*0.3 g/Lͯ ca. 20 µMͰ/ apo-SOD1(G37R)S-S/
ZyȮȥͯ2 mLͰE˷˝20 µL/ DMSO2 mg/mL simvastatin/DMSO
 - 50 - 
2 mg/mL alfacalcidol/DMSOA02 mg/mL miltefosine/NNErgwGEd
sT̂Zy.ô#ͯ ûĐɁ/ʘȴž020 µg/mLͰ˷ ˝#Zy0
0.22 µm/\]wId*C̡#ƌ.ThermoVacͯGE HealthcareͰE
ɏ) 5ç̼/ʹȓE 20oC*˘&)?Zy`ͯca. 500 µLͰ.ØĹ
#*DMSO+Ȕ/ȽŘ̲0łɔ-A#:Zy`+wG
^`.ŢÜAȮȥ.Ĕ7BADMSOȴž0ĄŚ.ˇAƓˠA
!*2 mL/NNErgwG.20 µL/DMSO2 mg/mL simvastatin/DMSO
2 mg/mL alfacalcidol/DMSOA02 mg/mL miltefosine/NNErgwGEô
#ȮȥE!B"B/ZyȮȥ.ŞƔAwG^Ȯȥ+)wG
^`ͯca. 500 µLͰ.ØĹ#Microcal VP-DSCͯGE HealthcareͰEɏ
)15oC? 75oC7* 1.0oC/min/Ǭ³*ǛȪA+*DSCE˘&#7
#˷ ˝#wG^ȮȥEZy`+wG^`/Ǖ.ØĹ
)ȫœA+*rgTUKk+-AZUEƎ# 
 id/˨ǯ0Origin DSCbwjKLHͯver 7.0, OriginLabͰEɏ
)˘&#dsT̂Zy/ZU?rgTUKk/ZU
EŰƁ#ƌdsT̂/ǎͯmolͰ*ñA+*1 #@
/Ƚ̲idͯcal/mol/KͰ.ĿƼ# 
 
ĠğġĥMALDI-TOFĄĎp±¾IF7<K8CV, 
 OYûEƧíAûĐɁSOD1.A S-SʛĐ/ʙ8Ƽ
.ć6öǱEǼ˫A#:.SOD1Ejy\Ȥû)Ǝ?BA|yfk
.')MALDI-TOF̲̂çǯE˘&#7ʹ ʹͳ͖.ˬ̍#>.
 - 51 - 
150 µL/ 20 µM apo-SOD1(G37R)S-S/1 M Gdn/NNErgwG.ûĐɁA
0DMSOEô) 96ɾyj/KL.çȝ#ZyȮȥ/Ʋɢ
E̻Ň)? 2ǟ̼ƌć212ǟ̼ƌ.4oC*/̥̇ƒç͋ͯ 110,000 x gͰ
E 15ç̼˘+*čȮƖɑçͯȨͰE˷˝PAGE Clean Up Kitͯnacalai 
tesqueͰEɏ)dsT̂EȘȎ+)ĥĉ#ûĐɁEȧô-ķĐ
2ǟ̼ƌ*0˷˝#Ý)/ apo-SOD1(G37R)S-S0čȮƖ/dsT̂+)Ō
ĭ)A12ǟ̼ƌ.0ȮƖ/OYEƆƣ)Aͯ ʹʹͲ͖Ͱ
7#ûĐɁEȧô-B1ƲɢE̻Ň) 12ǟ̼ƌ.0 SOD10ȮƖ
/ȘȎ+-A#:4oC*/̥̇ƒç͋ͯ110,000 x gͰE 15ç̼˘+*Ȯ
ƖɑçͯȘȎͰEĥĉ# 
 !B"B/ȘȎ06 M/Gdn+ 100 mM/ IAEĔ9 NNErgwG
ͯ100 µLͰ*͔̇ȜɱɰA+.>@âȮ˨#!B"B/ZyE37oC
* 1ǟ̼͑ʪA+*\^hJȌĴ/fOĴEPrkfû
#ƌ.ʹĸPͯProtein Desalting Spin Columns, #89862, ThermoͰEɏ)
100 mM Na-Pi, pH 8.0.rgwGEªƼ#Ǝ?B# SOD1ͯ48 µg, 100 µLͰ
.2.4 µL/ 0.1 mg/mL Trypsinͯ 0.24 µg, from porcine pancreas, #202-15951, WakoͰ
Eô)37oC* 16ǟ̼͑ʪA+*jy\ȤûE˘&# 
 S-SʛĐEʟƯ#̩͒×Ǭ³*/˨ǯE˘ķĐ.050 µL/j
y\ȤûZy.Ş)1 µL/jwO̬̮ͯTFAͰ+ 50 µL/ 6 M 
Gdn/H2OEôA+*jy\EńȠ#Ǖ*S-SʛĐEèǓ#
̩×Ǭ³*/˨ǯE˘ķĐ.050 µL /jy\ȤûZy.Ş)
1 M/ dithiothreitol (DTT)/H2OE 0.5 µLć2pHE 8.˷Ǐ# 6 M Gdn/NNE
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rgwGE 50 µLô37oC * 30ç̼͑ʪA+* S-SʛĐE̩×#ƌ
.1 µL/ TFAEô# 
 ͳͶʊ+đǿ.ZipTip C-18Eɏ)Zy/ʹĸåɋE˘Ȯ
æ#Zy¢ȾAî.0.75 µL/0.4 mg/mL human ACTH (18-39)ͯ #H1215, 
BaChem, average m/z 2466.68Ͱć20.75 µL/ 0.4 mg/mL bovine pancreas insulin
ͯ#H192-51, nacalai tesque, average m/z 5734.56ͰEà̪ȁȭ+)ȧô#?
.50 % CH3CN/0.1 % TFA/H2O.Ȯ˨#$-CHCAͯ#037-19261, WakoͰ/͟Ě
ȮȥEjgT^+) 2 µL ô)ȦĐŕȪ*˅Ȼ¢ȾA+*
ȫœɏ/ZyE˷˝#ȫœ0 UltraflexTMͯBruker DaltonicsͰEɏ)
mH]hIxJOk*˘&#ͯ˛2-3Ͱ7#Ǝ?B#̲̂vT
0MS BridgeͯUniversity of California, San Francisco, CAͰEɏ)Ŷū# 
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ĠĠĥĚæ² 
ĠĠĞĥG37RÑ SOD1ZÃ (R/KX¢y 
 Apo-SOD1S-S.1 M/ GdnEȧô)ƲɢA+ȮƖ/ä͊»
ƆƣA[94]Ŕ͇20 µM / apo-SOD1(G37R)S-SE 1 M / Gdn ++;.37oC
*Ʋɢͯ1,200 rpmͰA+Ȯȥȳž/ļôɴ˳B#ͯĩ3-2A, w/GdnͰ
Ǖ*GdnEô. apo-SOD1(G37R)S-SEƲɢ);Ȯȥȳž/ļô0˳:
?B-&#ͯĩ3-2A, w/o GdnͰ7#Ʋɢƌ/ZyȮȥĖ̥ƒç͋
)ȨͯčȮƖɑçͰ+ȘȎͯȮƖɑçͰ.çɑďE̩͒×Ǭ³*/
SDS-PAGE.>@˨ǯ#+CȮȥȳž/ļô.ƍSOD10ȮûA
++;.ͧçŊ̲͚Ĳ.^H˦ŜB#ͯĩ3-2BͰZyȮȥ.̩
×ï*A DTTEô)? SDS-PAGEE˘+ͧ çŊ̲͚Ĳ.ˡ?B#^
H0ȤńSOD1/çŊ̲ͯ>! 16,000Ͱ.ŞƔA¹ʪ./8rk
˦ŜB#ͯĩ3-2CͰ>&)ͧçŊ̲͚Ĳ.ˡ?BA^H0SOD1 S-S
ʛĐ*T^TB#ȮƖ/OYͯS-SOYͰ*A+
ç&# 
 SDS-PAGE.>@Ǝ?B#ʛǱE>@˲ʗ.ˡA+240ç̼ƲɢA
+*SOD1/çŊ̲.ŞƔA¹ʪ.Ark/ɺ÷žD.ºA
++;. 2ǫ.ç͋)A+DAͯĩ3-2BͰB?/rk/ɺ÷ž
/̤0̩×ïEôA+*˳:?B--A+?ͯĩ3-2CͰƲɢA
+* S-SʛĐ/¹ʪĿû)A/*0-+ʭ?BA'7@Gdn
/ȧô.>&) apo-SOD1(G37R)S-S /wNkǾ̛Őœ+-@Cys57 +
Cys146 /̼.Ɔƣ)#çŊà/ S-S ʛĐɔ-AçŊ/\^hJȌĴ
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ͯCys6, Cys111Ͱ/fOjĴ.>@ȖǷǊǂEċA+*ɔƖûS-SO
YƆƣA/*0-+ʭ?BA 

ĠĠğĥÑ SOD1ZÃ (R/KX¢!¤sv|Æ§á 
 ǫɯɿ*0FDA .>@˳čB)A 640 ɼ͜/˓Ɂ?apo-
SOD1(G37R)S-S/ȮƖS-SOYƆƣEƧíAûĐɁEƸʕ#7
1 M Gdn/NNErgwG.Ȯ˨# 20 µM/ apo-SOD1(G37R)S-SE 96ɾy
j/ďKL.çȝʘȴž 20 µg/mL+-A>.ûĐɁEȧô#û
ĐɁ0 DMSO.Ȯ˨)A#:ûĐɁ/D@. DMSOͯʘȴž 1 %ͰE
ȧô#ZyEŞȼ+#ûĐɁEȧô-B1ƲɢE̻Ň) 500
çƌ.0Ȯȥȳž 0.2 ɻž+-@ȮƖ/ä͊»ƆƣAͯĩ3-2AͰ!
*ûĐɁEȧô#Zy.')ƲɢE̻Ň) 500çƌ.Ȯȥȳž
 0.02 ±+-&)A;/EOYûƧíûĐɁ+)^Tm
UE˘&#!/ʛǱsimvastatinͯ ĩ3-3AͰlovastatinͯ ĩ3-3BͰmevastatinͯ ĩ
3-3CͰmiltefosineͯ ĩ3-3EͰalfacalcidolͯ ĩ3-4AͰcalcidiolͯ ĩ3-4BͰcalcitriol
ͯĩ3-4CͰ/ 7ɼ͜/ûĐɁapo-SOD1(G37R)S-S/Ȯȥȳž/ļôEƧíA
+ç&#B?/ûĐɁ0çŊǾ̛.Ĵ()^dfͯsimvastatin, 
lovastatin, mevastatinͰud D͜ʥ»ͯalfacalcidol, calcidiol, calcitriolͰ
hwN\ͯmiltefosineͰ/ʹ'.ç͜A+*# 
 ^df0ͧʷ˗ɚ/șɝ˓+)ɏ?B)@X^h/
Đƣʚ̉.̽DA̭ʔ/ȠƖE̿ŖA+*˗ Ȳ/X^hËEº
AÓA[113]Simvastatinlovastatinć2mevastatinEȧôA+
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apo-SOD1(G37R)S-S/Ȯȥȳž/ļô0ƧíBͯ ĩ3-3A,B,CͰÝ)/ SOD1
čȮƖɑç.ǼæB#ͯ ĩ3-5Ͱsimvastatinć2mevastatin0apo-
SOD1(G37R)S-S/ȮûEƧíA;//čȮƖɑç.ͧçŊ̲͚Ĳ/^H
˦ŜBčȮƖ/OYɍ)A+çAͯĩ 3-5ͰǕ
lovastatin Eȧô#ķĐ0čȮƖ S-S OY/Ɔƣ;ƧíB)@
apo-SOD1(G37R)S-S/çŊ̼ S-S ʛĐ/Ɔƣ.ͧƧíöǱEɞƽA+ç
&#ͯĩ 3-5Ͱ7#ǫɯɿ*¿ɏ#ûĐɁJx.0pravastatin 
lactonecerivastatinfluvastatin ^df+)Ĕ7B)@!/*;
pravastatin lactone 0mevastain /zRZtklwdͥǸ/ 3 ¹/ȷʔ
tkR\ûB#ûĐɁ*ͯĩ3-3C,DͰOYûƧíʶEɵ 3ɼ͜
/^dfͯsimvastatin, lovastatin, mevastatinͰ+͜¸#Ǿ̛EǦ)A
ͧǾ̛͜¸Ɩ.;̽D?pravastatin lactone0 apo-SOD1(G37R)S-S/
ȮȥȳžļôEƧíA+0*ͯĩ3-3DͰȮƖ S-SOY/Ɔƣ
;ƧA+*-&#ͯĩ3-5Ͱ!/®/ 2ɼ͜/^dfͯcerivastatin, 
fluvastatinͰ;apo-SOD1(G37R)S-S/Ȯȥȳžļô.Ş)ƧíöǱEɵ-
&#B?0OYûƧíʶEɵ 3ɼ͜/^df+0ɔ-AͥǸǾ
̛EǦ)A#:*A+ʭ?BAͯĩ3-6Ͱ 
 ud D 0P\K/ĕĉ<ͥ/Ɔƣ.̰ˠ-Ƕ͡ʔ*ud
 D/Ȇ 0Aə<ͥʏͨɚ/ăĦ+-A[114]!/#:ud D/°˹
Ɂ̂<Đƣ˴Ţ»ͯalfacalcidol, calcipotriolͰü˓ě<Zyj+)ɏ
?B)Aud D 0ʷȮƖud/ɼ*ud D2ͯcalciferolͰ
+ud D3ͯcholecalciferolͰ/ 2 ɼ͜ŌĭA;//Ǿ̛0͜¸)
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@ɍɋȠƖ<°˹.ł-Űɔ0-[115]ud D3ͯ cholecalciferolͰ0ʲ
˃.)25 ¹/ȷʔtkR\ûB) calcidiol +-&#ƌ.ʻ˃
.)1¹/ȷʔtkR\ûEċɍɋȠƖEǦA calcitriol.-
A[115]ǫɯɿ*0calcidiolcalcitriolć2Đƣ˴Ţ»*A alfacalcidolE
ȧôA+apo-SOD1(G37R)S-S/ȳžļôˡ?B--@ͯ ĩ3-4A,B,CͰ
ȮƖ S-SOY/ƆƣEƧí*A+ç&#ͯ ĩ3-5Ͱ7#calcidiol
0čȮƖ S-SOY/Ɔƣ;ƧíA+*#ͯĩ3-5Ͱ?.ûĐ
ɁJx.0Ĕ7B)-;//calciferolć2cholecalciferol.'
);Ǽ˫#+Capo-SOD1(G37R)S-S /Ȯȥȳžļôͯĩ3-4E,FͰć2
ȮƖ S-S OYƆƣͯĩ3-5ͰEƧí*A+ç&#û
ĐɁJx.Ĕ7B)AĐƣ˴Ţ»*A calcipotriol 0ȳžļô/
ƧíöǱEɵͯĩ3-4DͰȮƖ S-SOY/Ɔƣ;Ƨí*-&#
ͯĩ3-5Ͱ±E7+:A+5 ɼ͜/ud D ͜ʥ»ͯalfacalcidol, calcidiol, 
calcitriol, calciferol, cholecalciferolͰapo-SOD1(G37R)S-S/ȳžļôEƧí*
A+ç&# 
 Mlitefosine0Ǫʃ.}^}XEǦA˥ŉƖ/ʷʴǗûĐɁ*
řɍă˔/ɼ*A LeishmaniaăĦ+-A\mHɚ<ʺ͞H
r	+)ɬ?BA Naegleria fowleri.>AăɞƖHrƖͦˁʺȶ/ș
ɝ˓+)ɏ?B)A[116,117]Miltefosine/¾ɏȅŽ.')0ǩ$ǜ-
ȸŁUXb.AH\j^wLa/ȠƖE̿ŖA
+*ʗʵˁ/Ǿƣƣç*AMhİʷ̂/ĐƣE̿ŖA+ƻǹ
B)A[116]ĩ3-3E .ɵ#>.miltefosine 0 apo-SOD1(G37R)S-S/ȳž
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ļôEƧíȮƖ S-SOY/ƆƣEƧí*#;//čȮƖ S-SO
Y/Ɔƣ0͛ˑ*&#ͯĩ3-5Ͱ 
 ǫɯɿ*đœ# 7ɼ͜/OYûƧíûĐɁ0çŊ̲>!
400*Aͯ ˛3-1Ͱ'7@^TmUE˘&#͇.apo-SOD1(G37R)S-Sͯ 20 
µMͰ.Ş)2.5ƅ̲/ûĐɁͯ20 µg/mL, ca. 50 µMͰEȧô)#+.
-A!*20 µM / apo-SOD1(G37R)S-S. 20 µMͯ1 ƅ̲ͰA040 
µMͯ2 ƅ̲Ͱ/ûĐɁEȧô)OYûƧíöǱ.ŞAûĐɁ
ͯsimvastatinalfacalcidolmiltefosineͰ/ȴžÂŌƖEǼ˫#!/ʛǱSOD1
.Ş) 1ƅ̲/ûĐɁEȧô#ķĐ*;Ȯȥȳž/ļô0ƧíB#;/
/ûĐɁ/ȧô̲Ł5,̺ ǟ̼.D#&)ȳžļôƧ?BA+
ç&#ͯĩ3-7Ͱ 
 
ĠĠĠĥÑ SOD1(R/KXv¤st²ÇÑ  
 B7*/Ŕͤ*0apo-SOD1(G37R)S-S.A S-S ʛĐ/ɔƖû.
>&)ɍAȮƖOY/Ɔƣ.')Ǽ˫)#SOD10 S-Sʛ
ĐE̩×)èǓA+*ʣʟɄ/ä͊»EƆƣA+;ɬ?B)A[84]
!*ǫɯɿ.)đœB#OYûƧíûĐɁ SOD1/ʣʟû.
;ƧíöǱEɞƽA/.')Ǽ˫#720 µM/apo-SOD1(G37R)S-S
. 5 mM/ DTTEôA+*S-SʛĐ̩×èǓB# apo-SOD1(G37R)SH
E 37oC*Ʋɢͯ1,200 rpmͰA+ȮȥȳžļôȮƖ/ä͊»EƆƣ
A+Eɴ˳#ͯĩ3-8, no compoundsͰ!*OYûƧíûĐɁ
/%/ 3ɼͯ͜ simvastatin, alfacalcidol, miltefoineͰ apo-SOD1(G37R)SH/ä͊
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.ć6öǱEǼ˫#+CȮȥȳž/ļô.ŞAƧíöǱ0˳:?B
ͯĩ3-8AͰSOD1 0ȮƖ/ä͊»EƆƣA+ç&#ͯĩ3-8BͰ'7
@OYûƧíûĐɁ0S-SʛĐèǓ# SOD1/ʣʟû.0öǱE
ɞƽ-+ç&# 
 ?.OYûƧíûĐɁ/ɂɔƖEɴ˳A#:.qf
jə/ăĦdsT̂*Aqffͯ HTTͰ/ä͊ĈƔ.;ɨɣ#[118]
HTT̨¶Ŋ/MRb 1.ŌĭACAGvjǎɔŷ.ļôA+qf
jə.-@CAG Xk.ŞƔAUd̜ʞɠ.'-&#
Udͯ PolyQͰ̹ EǦA HTT0ʣʟɄ/ä͊»EƆƣA+ɬ?B
)A[119]742È/Ud̜ʞɠ.'-&#PolyQ̹EǦAHTT
/MRbͲ.ŞƔA͚Ĳͯ PolyQ42-HTTEX1ͰE GST+/˖ĐdsT̂+
)˷˝#̫éɂɔɠyhHa*A HRV3C EȧôA+* GST +
PolyQ42-HTTEX1 Eè@͋+ǟ̼ʚ̡++;.ȮȥȳžļôPolyQ42-
HTTEX1ä͊)A+Eɴ˳*Aͯ ĩ3-9Ͱsimvastatinalfacalcidol
ć2miltefosineEȧô);PolyQ42-HTTEX1/Ȯȥȳž/ļôEƧíA
+0*-&#ͯĩ3-9Ͱ 
 ǕG37R +0ɔ-AəĦƖĿɔ G85R EǦ# apo-SOD1(G85R)S-S
.Ş)0apo-SOD1(G37R)S-S+đǿ.simvastatinalfacalcidolć2miltefosine
 S-S OY/ƆƣEƧíA+ç&#ͯĩ3-10Ͱ>&)OY
ûƧíûĐɁ0apo-SOD1S-S/ȮƖ S-S OYƆƣ.Ş)ɂɔɠ
.ƧíöǱEɞƽA+ç&# 
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ĠĠġĥ(R/KXv¤sv|ÆÑ SOD1¶ĉ xt² 
 S-SOY/Ɔƣ0SOD1/wNkǾ̛ŐœûA#:
.S-S ʛĐçŊà?çŊ̼3+ɔƖûA+*̝˘A+ʭ?BA
>&)OYûƧíûĐɁ0apo-SOD1S-S/wNkǾ̛EŐœû
A+*S-SOY/ƆƣEƧí)A/*0-+ʭ#!*
OYûƧíûĐɁ apo-SOD1(G37R)S-S/ȽŐœƖ.ć6Ƈ͕EDSC
.>@Ǽ˫# 
 7ûĐɁEȧô. apo-SOD1(G37R)S-S/DSCE˘&#+C
dsT̂/ȽĿƖ.ÅɺȪžͯTmͰ0 42.7oC *&#ͯĩ 3-11, no 
compoundsͰdsT̂EĿƖA+ɬ?B)ADMSOEȧô)
A;//ǫɯɿ*Ǝ?B# Tm0̡ ą.ĶėB)A apo-SOD1(G37R)S-S/
Tmͯ45.4oCͰ+56ˇ)#[76]>&)ǫŔͤ*ȧô#DMSOȴž0
SOD1/Ǿ̛ŐœƖ.ł-Ƈ͕0-+ʭ?BAOYû
ƧíûĐɁͯ simvastatin, alfacalcidol, miltefosineͰEȧô# apo-SOD1(G37R)S-S.
'); DSCE˘&#;//Tm0 42.1oCͯ simvastatinͰ42.3oCͯ alfacalcidolͰ
42.5oCͯmiltefosineͰ+-@OYûƧíûĐɁ0apo-SOD1(G37R)S-S/
ȽŐœƖ.0ł-Ƈ͕E)-&#ͯĩ3-11Ͱ 
 
ĠĠĢĥ(R/KXv¤sv|Æ S-Sæ|ä¨¤s 
 SDS-PAGE.>A˨ǯE˘+OYûƧíûĐɁEȧô)Ʋ
ɢA+*Ǝ?BA SOD10SOD1S-S+0D.ɔ-Aɺ÷žEɵ+
çAͯĩ3-5Ͱ!*ͧç͋ʶEɞƽA Urea-SDS-PAGE E˘+
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*SOD1/ɺ÷ž.ɨɣOYûƧíûĐɁ/¾ɏȅŽ.̽AǼ˫
E̝:# 
 7apo-SOD1(G37R)S-SE 1 M / GdnŌĭ* 2ǟ̼Ʋɢ#ƌč
ȮƖ/ɑçE Urea-SDS-PAGE.>@ç͋A+OYƆƣEɵͧçŊ
̲͚Ĳ/^H0˳:?B-Cys57-Cys146/ S-SʛĐEƆƣ# SOD1S-S.
ɥƅArk.ô)ɺ÷žº# 3 '/rkǜɩ.ɴ˳B#
ͯĩ3-12AͰ!/%Ǥ;ɺ÷žţrk0S-SʛĐèǓB#SOD1SH
.ɥƅA+ʭ?B!/®/ 2'/rk0S-SʛĐ/¹ʪçŊà*Ŀ
û# SOD1.ɐǭA;/*0-+ʭ?BAB?/Ŀû0OY
ûƧíûĐɁEȧô#ķĐ.;ɍ)A+?ͯ ĩ3-12AͰOY
ûƧíûĐɁ0çŊà*/ S-S ʛĐ/ʙ8ƼEƧí*-+ɵĝB
A 
 ƲɢE 12ǟ̼ʝʞ)˘+OYûƧíûĐɁEȧô)
-ķĐ.0ȮƖɑç.ͧçŊ̲͚Ĳ/^HɉBçŊ̼/ S-SʛĐ*
ǳȄB#ȮƖS-SOY/Ɔƣɴ˳BAͯ ĩ3-12B, no compoundsͰ
'7@OYû/êǨȍͅ*0S-SʛĐ/ʙ8Ƽ SOD1çŊà*̝
˘#ƌ.çŊ̼*/ʙ8Ƽ̝9+*ȮƖ S-SOYƆƣA
/*0-+ʭ?BAǕ*OYûƧíûĐɁ++;.ƲɢE
12ǟ̼˘+ȮƖ S-SOY/Ɔƣ0ƧíB)A;//S-SʛĐ
/¹ʪçŊà*ʙ8ƼD&#čȮƖ SOD1 .ɥƅArk˦ŜBAͯ ĩ
3-12BͰ'7@OYûƧíûĐɁ0çŊà* S-SʛĐʙ8ƼD&#
SOD1.¾ɏçŊ̼*/S-SʛĐ/ʙ8ƼEƧ)A+ɵĝBA
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7#Cys57-Cys146/ȉŷ-	¹ʪ. S-SʛĐEÆƯ# apo-SOD1(G37R)S-S.
ɥƅA¹ʪ.;rk˦ŜBA+?ͯ ĩ3-12BͰOYûƧíû
ĐɁ0 S-SʛĐ/ʙ8ƼEƧíAöǱ;ɞƽ)A+ʭ?BA 
 
ĠĠģĥS-Sæ|ä¨Ĕ[129%V¹} 
 !*OYƆƣ/êǨȍͅ.)çŊà/ S-SʛĐʙ8Ƽ
.̽DA\^hJȌĴEđœA#:.HSmȌĴć2]Ȍ
Ĵ/ C ǪʃÎ/|yfkʛĐEɂɔɠ.èǓAyhHa*Ajy\
* SOD1EåɋƎ?B# SOD1/|yfkǓȿ.')̲̂çǯE˘&#
ͯĩ3-13Ͱ7ƲɢAî/ apo-SOD1(G37R)S-SEjy\*åɋƎ?
B#|yfkǓȿ.')̲̂çǯE˘&#+Cm/z 4,350ć2m/z 4,507
.̲̂vT˦ŜB!B"BLeu144-Gln153+ Leu38-Arg69/|yfkʛ
Đ#Ǔȿć2Leu144-Gln153+ Leu37-Arg69/|yfkʛĐ#Ǔȿ.ŞƔ
A+ç&#ͯĩ3-13B, 0 hͬʣͰ7#̩×ï*A DTTEȧôA
+*B?/̲̂vT0Ȥń#+?ͯĩ3-13B, 0 h̄ʣͰCys57+
Cys146/̼* S-SʛĐEƆƣ#|yfkǓȿ.ɐǭA+ɴ˳B# 
 ȇ.OYû/êǨȍͅ.ɍA S-SʛĐ/ʙ8ƼĈƔ.'
)Ǽ˫A#:.20 µM/ apo-SOD1(G37R)S-SE 2ǟ̼Ʋɢ#ƌ.Ǝ?BA
čȮƖɑçEɏ)jy\Ȥû-?2.̂ ̲çǯE˘&#!/ʛǱ
Cys57-Cys146/ S-SʛĐEɵ m/z 4,350ć2m/z 4,507/̲̂vT/®.;
m/z 4,038ͯAla4-Lys9 + Leu38-Arg69Ͱm/z 4,607ͯHis80-Arg115 + Leu144-Gln153Ͱm/z 
5,520ͯAla4-Lys23 + Leu38-Arg69Ͱ/̲̂vTǔ#.ɉB#ͯĩ3-13B, 2 h ͬ
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ʣͰ̩ ×ï*A DTTEȧôA+ǔ#.ɉB#B?/̲̂vT;Ȥń
#+?ͯĩ3-13B, 2 h̄ʣͰCys6+ Cys57ͯm/z 4,038ć2m/z 5,520Ͱ
A0Cys111+ Cys146ͯm/z 4,607Ͱ/̼* S-SʛĐEƆƣ#|yfkǓȿ
.ɐǭA+ʭ?B#ƲɢE̻Ň) 2ǟ̼ƌ*0SDS-PAGEW.
ͧçŊ̲͚Ĳ/^H0˦ŜB-+?ͯ ĩ3-12AͰOYƆƣ/ê
Ǩȍͅ.)0Cys57-Cys146/ S-SʛĐCys6-Cys57A0Cys111-Cys146
/ S-SʛĐ3+çŊà*ʙ8ƼDA+ç&# 
 ?.ȮƖ/ S-S OY.ƆƣA S-S ʛĐEđœA#:
.20 µM / apo-SOD1(G37R)S-SE 12 ǟ̼Ʋɢ#ƌ.Ǝ?BAȮƖɑçE
ɏ)jy\Ȥû-?2.̲̂çǯE˘&#!/ʛǱCys57-Cys146
/ S-S ʛĐEǦA|yfkǓȿ.ɐǭÂ̲vTͯm/z 4,350ć2m/z 
4,507Ͱ0őÝ.ȤńCys6-Cys57ͯ m/z 5,520Ͱć2Cys111-Cys146ͯ m/z 4,607Ͱ
/ S-S ʛĐEƆƣ#|yfk.ɐǭÂ̲vT$˦ŜB#ͯĩ 3-
13B, 12 hͬʣͰApo-SOD1(G37R)S-SE 12ǟ̼Ʋɢ)Ǝ?BAȮƖɑç0
SDS-PAGEW.)ͧçŊ̲͚Ĳ/^H+)˦ŜBA+?Cys6-
Cys57A0Cys111-Cys146/ S-SʛĐ SOD1/çŊ̼*Ɔƣ# S-SO
Y*A+ʭ?BA 
 OYûƧíûĐɁEȧô#ķĐƲɢE̻Ň) 2ǟ̼ƌ12
ǟ̼ƌ+;.ȮƖ/OY0ƆƣčȮƖɑç. apo-SOD1(G37R)S-S
ǼæBA+?ͯĩ3-12ͰčȮƖɑç.')jy\Ȥû-?2
.̲̂çǯE˘&#!/ʛǱûĐɁEȧô)-ķĐ+đǿ.Ʋɢ
E̻Ň) 2 ǟ̼ƌ.0Cys57-Cys146/çŊà S-S ʛĐEǦ#|yfkǓȿ
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/̲̂vT.ô)Cys6-Cys57ć2Cys111-Cys146EǦ#Ǔȿ/̲̂v
Tˡ?B#ͯ ĩ3-14AͰ>&)OYûƧíûĐɁ0 S-SʛĐ/çŊà
ɔƖûEőÝ.ƧA+0*-+çA7#ƲɢE 12ǟ̼ʝʞ
A+simvastatinć2alfacalcidolEȧô#ķĐ.0Cys111-Cys146/ S-S
ʛĐEǦ#Ǔȿ.ɥƅÂ̲vT0ȤńA/.Ş)miltefosineEȧ
ô#ķĐ.0̂ ̲^|Tj.Ŀûˡ?B-&#ͯ ĩ3-14BͰ'7@
OYûƧíûĐɁ0S-SʛĐçŊà*ʙ8ƼD&# SOD1/ɔƖ».
¾ɏA+*çŊ̼*/ S-SʛĐ/ʙ8ƼEƧS-SOY/Ɔƣ
E̿Ȉ)A+ʭ?BA7#¾ɏA SOD1/ɔƖ»OYûƧ
íûĐɁ.>&)ɔ-A+;ɵĝB#B/ûĐɁEȧô#
ķĐ*;Cys57-Cys146 / S-S ʛĐEǦ#Ǔȿ/̲̂vT0˦ŜBA+
?OYûƧíûĐɁ0őÝ*0-;//S-SʛĐ/ʙ8ƼE
ƧíAöǱEǦ)A+ç&# 
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Ġġĥí 
 SOD1/Ǿ̛ŐœƖEºA+*çŊà*/ S-SʛĐ/ʙ8Ƽ
/ƌ.ɔ-A SOD1çŊ̼*/ S-SʛĐ/ʙ8Ƽ̝˘S-SʛĐ*T
^TB#ȮƖ/ S-SOYƆƣA+ç&#ȮƖ/
S-S OY0Ŀɔİtj SOD1 EɞɉA ALS iK^/ʸͦ.
);đœB)A+?[68,89]SOD1/ S-SʛĐ/ʙ8ƼĈƔEƧí
A+*B1ALS/șɝ˓̻ɞ.'-AčʶƖʭ?BAǫɯɿ.
)ˡæB#OYûƧíûĐɁͯ^dfud D ͜ʥ»
hwN\Ͱ0SOD1çŊàć2çŊ̼*/ S-SʛĐ/ʙ8ƼEƧí
A+*ȮƖ S-SOY/ƆƣEƧA+ç&# 
 
ĠġĞĥÑ SOD1ZÃ  S-S(R/KX¢N)>3M 
 ǫɯɿ*0jy\Ȥû-?2.̂ ̲çǯțEɏA+*
ȮƖ S-S OYƆƣ.A S-S ʛĐʙ8ƼĈƔ/˲ʗEǜ?.
#1 M/ GdnEȧôA+*apo-SOD1(G37R)S-S.) S-SʛĐ/ʙ8
ƼɍA;//e.ʙ8ƼDAD*0->*A'7@
ȮƖ/ S-SOYEƆƣA±î.çŊà* S-SʛĐʙ8ƼD&#č
ȮƖ/ SOD1 ɔƖ»Ɔƣ!/>-ɔƖ»*0Cys6-Cys57A0
Cys111-Cys146/ S-S ʛĐ/Ɔƣ$˳:?B#Ǖ*Cys6-Cys146A
0Cys57-Cys111 /̼*/ S-S ʛĐƆƣEɵ̲̂vT0Ǝ?B-&#+
?Cys60 Cys57ECys1110 Cys146Ȩƪɠ.ȖǷǊǂA/*0-+
ʭ?BAͯĩ3-15Ͱ!/ʛǱS-S ʛĐ/ʙ8Ƽ̝˘A+*Cys6-
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Cys57.çŊà S-SʛĐEǦAɔƖ»ć2Cys111-Cys146.çŊà S-SʛĐE
ǦAɔƖ»ƆƣA+ʭ?BASOD1 08 ǫ/!-^jk?-A
JpUxǿǾ̛+dsT̂à̪Eú8̐9>.̫ʪ#2'/ˠ
-yǾ̛?-Aͯĩ1-1AͰÆŌB# Cys57-Cys146 /çŊà S-S ʛĐ0
yǾ̛EJpUxǿǾ̛.ʧɓ:)>.¹ʪ)@d
sT̂à̪/͏æE—*A>.ˡAͯ ĩ1-2Ͱ'7@Cys57-Cys146/
S-SʛĐCys6-Cys57< Cys111-Cys146.ʙ8ƼDA+*SOD1/ʁ»Ǿ̛.
0òɠ-ĿûɍyǾ̛/̦è-̫ʪ.>&)ı;B)#à̪Ǿ̛
͏æA+¤ƚBAͯĩ 3-15Ͱ?.ɕȔɠ-à̪Ǿ̛͏æ# SOD1
ɔƖ»0ȔȮȥ.)µĐ<+ʭ?BA#:çŊ̼*/ S-Sʛ
Đ/ʙ8ƼÅ̝BA/*0-+ʭ?BAͯĩ3-15Ͱǫɯɿ*đœ
#OYûƧíûĐɁ0çŊà*/ S-SʛĐʙ8Ƽ;ƧA+č
ʶ*A9C S-SOY/ƆƣE͒ŷ.öɈ>ƧíA+*
Aͯ ĩ3-12Ͱ>&)OYûƧíûĐɁ0SOD1ɔƖ»̼.ɍAµĐ
E—+*S-SOY/ƆƣE̿Ȉ)A/*0-+ʭ?BA 
 
ĠġğĥÑ SOD1(R/KXv!¤sv|Æ¶ĉÆ  
 OYûƧíûĐɁ/¾ɏȅŽ.')ʭŜA#:.simvastatin
lovastatinmevastatinć2pravastatin lactone §.͜¸#ûŎǾ̛EǦ
)A.;̽D?pravastatin lactone.0OYûƧíʶˡ?B-&
#+.ɨɣ#ͯ ĩ3-3, 3-5ͰPravastatin lactone/ûŎǾ̛E˲ʗ.ˡA+ͯ ĩ
3-3DͰ!/®/^df+Þ̙)zRZtklwdͥǸEǦ)A
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;//!/3¹tkR\ûB)A+çA!/#:pravastatin 
lactone /ɕȔƖž®/^df.Ȓ4)º)A/*0-+ʭ?
B#Ŕ͇OYûƧíʶEɵ®/^df+Ȓ̌)pravastatin lactone
/Ȕ3/Ȯ˨ž0ͧ+ɬ?B)Aͯ˛3-1: simvastatin, 1.8 µM; lovastatin, 
5.3 µM; mevastatin, 12 µM; pravastatin lactone, 59 µMͰud D͜ʥ».
);đǿ.alfacalcidolcalcidiolcalcitriolcalciferolć2cholecalciferol
OYûƧíʶEɞƽA;//calcipotriol0OYûEƧí*-
&#ͯ ĩ3-4, 3-5ͰCalcipotriol0!/® 5 '/ud D͜ʥ»+͜¸/Ǿ
̛EǦ)A;//ͯĩ3-4DͰ!/Ȕ3/Ȯ˨ž0®.Ȓ4)ͧͯ˛3-1: 
alfacalcidol, 4.1 µM; calcidiol, 5.5 µM; calcitriol, 16 µM; calciferol, 1.1 µM; 
cholecalciferol, 1.0 µM; calcipotriol, 33 µMͰ?.miltefosine0ɕȔƖ/HR
̹+˥ȔƖ/}^}X?-A˥ŉƖ/ûĐɁ*A+?ͯ ĩ3-3EͰ
ȔȮȥ*0`EƆƣA+*!/Ȕ3/Ȯ˨ž0 6.1 mM+͒ŷ.ͧ
;//Ȕ3/Ȯ˨ž/˪ʈË0 0.5 µM+͒ŷ.º+çA'7@
apo-SOD1(G37R)S-S/ȮƖOYƆƣEƧíA#:.0ûĐɁ/ɕȔ
Ɩž̰ˠ.-A+ʭ?BA 
 !*ûĐɁ/ʷȮƖͯ ɕȔƖͰE˛sd*A CLogP.
ɨɣ#CLogP0ǦȅȮŉɥ+Ȕɥ*/ç̫Äǎ/˪ʈË*çŊ/ʷȮƖ
ͧɻCLogP/Ëł-Aǫɯɿ*Ǽ˫#ûĐɁ.̽A CLogPE
˛3-1.7+:#^ df.') CLogP EȒ̌A+OYûƧíö
ǱEɞƽA^dfͯsimvastatin, 4.48; lovastatin, 4.08; mevastatin, 3.56Ͱ+Ȓ4
)ƧíöǱEɵ- pravastatin lactone0ţͯ 2.29Ͱpravastatin lactone/
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ɕȔƖžº+Eɴ˳*Aud D ͜ʥ».);OY
ûƧíöǱEɵ- calcipotriol/ CLogPͯ 5.27Ͱ0ƧíöǱEɞƽA®/
ud D͜ʥ»ͯalfacalcidol, 8.25; calcidiol, 7.27; calcitriol, 6.04; calciferol, 9.39; 
chorecalciferol, 9.48Ͱ>@ºMiltefosine .')0CLogPͯ-2.38Ͱć2
ç̫Äǎ/ŔȫËͯ2.68Ͱ0͒ŷ.ºçŊÝ»/ʷȮƖͯɕȔƖͰ+˦
ȸ?0OYûƧíʶE7˶ǜ*-HRĴ?-AɕȔ
Ɩ̪¹+}^}X?-A˥ȔƖ̪¹EǦA+?çŊ/ŨƤɠ-ʷ
ȮƖOYûƧíʶ/ɞƽ.̰ˠ*A+ʭ?BA¬ĥđœB
#ûĐɁ0SOD1/OYû<ä͊EƧíAöǱA+ĶėB)
AûĐɁ<[100]ALS/șɝ˓+)˳čB)AûĐɁ+0[99]ɔ-AûŎ
Ǿ̛EǦ)@ͯĩ3-1Ͱ?.!B?ǘɬûĐɁ/ CLogP 1.25 - 3.77*
A+?¬ĥđœB#ûĐɁ0ɕȔƖEìɏ)OYûEƧí
AɂƑA+ɵĝBA 
 ?.çŊ/ǽƖ;ûĐɁ/ɕȔƖžE˛sd*A!
*ûĐɁ.)ǽƖEɵ˛͓ɽͯtPSAͰEȒ̌#+Cͯ˛3-1ͰO
YûEƧíA 3 ɼ͜/^df/ tPSAͯ72.8 Å2Ͱ>@;pravastatin 
lactone / tPSA 0 93.1 Å2+ͧ>@ǽƖEŵ2#ûĐɁ*A+çA
ͯ˛3-1ͰǕudD͜ʥ».')0OYûEƧíAalfacalcidol
ͯ40.5 Å2Ͱcalcidiolͯ 40.5 Å2Ͱcalciferolͯ 20.2 Å2Ͱchorecalciferolͯ 20.2 Å2Ͱ0
ƧíʶEɵ- calcipotriolͯ60.7 Å2Ͱ+Ȓ4) tPSA ţcalcitriol 0
OYûEƧíA.;̽D?tPSA/Ë calcipotriol/!B+ʅ
ͯ60.7 Å2Ͱ*^df͜+ud D͜ʥ»/ tPSAEȒ4A+ud
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 D͜ʥ»ͯ20.2 - 60.7 Å2Ͱ0^dfͯ72.8 - 93.1 Å2Ͱ>@;ºË*A
+çA7#miltefosine .');!/ tPSA 0^df/!B.Ȓ
4)ţͯ58.6 Å2Ͱ'7@ud D͜ʥ»/ǽƖ˛͓ɽ0OYû
EƧíA#:.0Øç.ţ9CCLogP*˛BAɕȔƖžO
Yû/ƧíöǱ.0̰ˠ*A+ʭ?BA 
 Ǖ*ǫɯɿ*¿ɏ#ûĐɁJx.0OYûƧí
ûĐɁ+đɻž/ CLogP EǦA.;̽D?OYûƧíʶEɵ-
ûĐɁ;ŁŌĭAÀ1ud A10ud D͜ʥ»+đɻž
/ CLogPͯ6.88ͰEǦ)Aapo-SOD1(G37R)S-S/OYûEƧí
A+0*-&#'7@OYû/ƧíöǱ.0ɕȔƖž$*
0-ûĐɁ/ûŎǾ̛;̰ˠ-ƈñEǱ#)A+ʭ?BA'7@
OYû/ƧíöǱ.0^ df<udD͜ʥ»A0miltefosine
/ûŎǾ̛;̰ˠ*A7#NMR -,EìɏA+*SOD1 .A
OYûƧíûĐɁ+/ɥ§¾ɏ̪¹/đœE̝:A+.>&)OY
ûEƧíAûĐɁ<ǔˢƥț/̻ɞ+&#šǭɠ-Ū̻;ʭ?BA 
 
ĠġĠĥ(R/KXv¤sv|Æ SOD1-ALS½Óô{ï  
 ¬ĥđœB#OYûƧíûĐɁ0Ý) FDA?˳čB#
˓+)åǕB)A;//ALS.Ş)¿ɏA#:.0?-AǼˮ
Ɠˠ*AÀ1lovastatinͧʷ˗ɚ.ŞA˓ï+)˝ěûB# 1987
ź±̀>! 10ź̼*ďɼ/^df/åǕˑļô#+ɗŎɠ
˷ǵ.>@ǜ?+-&)A[120,121]/̼. ALSƘʮǎȩŤ#+
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Ķė0-B)-[122]7#^df/ð¾ɏ+)ǪǺɶʚ͈ŖĶė
B)A;//[123]ǲɶʚ.ŞA^df/ȑƖ.')0ǜ?+-
&)-^ dfEåǕB)- ALSƘʮͯ sALS, 119«; fALS, 13«Ͱ
.Ȓ4)^dfEåǕB)A ALS ƘʮͯsALS, 2 «; fALS, 30 «Ͱ0
ʠĐɠ-̰ɚž<əƝ̝˘/ťžE˛ ALS ȅʶ˯Ã^Vͯ ALSFRS-RͰ/
^XHºʆɛǇ/ĥǎ;Ł+&#Ķė;A[124]SOD1-ALS Ƙʮ.
ŞA^df/öǱ.')0Ǽ˫-B)-;//ĿɔİtjSOD1
EɞɉA ALS/iK^. simvastatin EƨA+əƝ̝˘/ô̚+
+;.ɍŌǨ̼ɭʦA+ĶėB)A[125]X^h-,/
ʷ̂0ɶʚÆ˼¾ɏEǦA+ƻǹB)A+?;[126]˗Ȩ/ʷ̂
{EºA^dfE ALS Ƙʮ.ƨA+0ȝƛƓˠ*AŔ
͇˗Ȩ/X^hËͧ ALS Ƙʮ5,ɍŌǨ̼̺+;Ķ
ėB)A[127] 
 ud D ͜.')0ALS /șɝ˓+)/čʶƖB7*.
;ƻǹB)A[128]À1calcidiol EǀĊA+* ALSFRS-R /^XH
ºƧ?B[129]˗Ȩ/ calcitriolȴžͧ5,ɍŌǨ̼̺+Ķ
ėA[130]7#Ŀɔİtj SOD1EɞɉA ALS/iK^.ͧɏ
̲/ cholecalciferolEƨA+ʆóºEƧí*AǕ*cholecalciferol/
ǀĊ̲Eí́A+̠÷ȅʶºA+ĶėB)A[131,132]i
K^/ʸͦ< ALS Ƙʮ/˗Ȩ*0ȶɚƖZJjPJļô)A+
?[133–135]ud D /ǀĊ.>&)ȶɚƖZJjPJȩŤALS .
AɶʚȶɚEƧí*A/*0-+ʭ?B)A[135–137]Ŀɔ
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İ SOD1 /OYûEȁɠ+#ud D /șɝöǱEǼ˫A#:.
0iK^.ŞAud D͜ʥ»/ƨA0ǀĊ̲/í́
S-SOYƆƣ.ć6öǱEǜ?.A+&#ŔͤƓˠ*A 
 Miltefosine.')0ALS<®/ɶʚĿƖɘƘ.ŞA˓ɋŎɠǼ˫
0-B)-gjê°ɶʚʗʵ.Ş)miltefosine-,/
cʷ̂Ǿ̛EǦAûĐɁEȧôA+ʗʵˁ.Ü@̐8ɶʚʗʵEĿ
ƖA+ĶėB)A[138]7#miltefosine 0tjFʗʵ-,.Ş
)ȑƖEɞƽA+?[116]SOD1-ALS /șɝ˓+)˯ÃA±î.
in vivo*/ȑƖ˰ͤEØç.Ǽ˫AƓˠA 
 
Ġġġĥ 
 ±>@̳ ūJOE˨͋#Ŀɔİ SOD1.ĿƖïEȧôA+
*Cys6ć2Cys111 Cys57-Cys146/çŊà S-SʛĐEȖǷǊǂ*A>-
Ǿ̛3+ĿûA+ç&#!/ʛǱ+)S-SʛĐ/ʙ8ƼçŊ
à*̝˘dsT̂à̪/ɕȔɠ-͚ĲȮŉÎ.͏æ#Ǿ̛3+Ŀû
A+¤ƚBAͯ ĩ3-15Ͱ?.dsT̼̂*/µĐE̙)S-Sʛ
Đ/ʙ8ƼçŊ̼*̝˘ȮƖ/ S-S OYƆƣA+ʭ
?B#/>- S-SOYƆƣPm_E;+.)zRZtk
lwdͥǸEǦ#^dfud D ͜ʥ»ć2miltefosine 0
SOD1/S-SʛĐʙ8ƼD&#ɔƖ»+ɕȔɠ-ɥ§¾ɏE̙)ɂɔɠ.ʛ
ĐA+*S-SOYƆƣEƧí*A+ɵĝB# 
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ö3-1 (R/KXv¤sv|ÆÆ  
ûĐɁ çŊ̲ 
Ŕͤǟ/
ʘȴž
(µM)a) 
Ƨí
öǱ 
CLogPb) tPSAb) 
Ȕ3/Ȯ˨ž 
g/L µM 
simvastatin 418.6 4.8 x 101 Ǧ 4.48 72.8 7.7 x 10-4 c) 1.8 x 100 c) 
lovastatin 404.5 4.9 x 101 Ǧ 4.08 72.8 2.1 x 10-3 c) 5.3 x 100 c) 
mevastatin 390.5 5.1 x 101 Ǧ 3.56 72.8 4.8 x 10-3 c) 1.2 x 101 c) 
pravastatin 
lactone 
406.5 4.9 x 101 ȹ 2.29 93.1 2.4 x 10-2 c) 5.9 x 101 c) 
alfacalcidol 400.6 5.0 x 101 Ǧ 8.25 40.5 1.6 x 10-3 d) 4.1 x 100 d) 
calcidiol 400.6 5.0 x 101 Ǧ 7.27 40.5 2.2 x 10-3 d) 5.5 x 100 d) 
calcitriol 416.6 4.8 x 101 Ǧ 6.04 60.7 6.7 x 10-3 d) 1.6 x 101 d) 
calcipotriol 412.6 4.8 x 101 ȹ 5.27 60.7 1.4 x 10-2 d) 3.3 x 101 d) 
calciferol 396.7 5.0 x 101 Ǧ 9.39 20.2 4.3 x 10-4 d) 1.1 x 100 d) 
cholecalciferol 384.6 5.2 x 101 Ǧ 9.48 20.2 3.8 x 10-4 d) 1.0 x 100 d) 
miltefosine 407.6 4.9 x 101 Ǧ 
-2.38 
(2.68)c 
58.6 
2.2 x 10-4 d) 5.0 x 10-1 d) 
2.5 x 100 e) 6.1 x 103 e) 
a)^TmUE˘&#͇.20 µg/mL+-A>.ûĐɁEȮ˨#ķĐ/ȴžb)ChemDraw.>@˪
ʈ# c)ChemIDplus (http://chem.sis.nlm.nih.gov/chemidplus/)  d)Drugbank (http://www.drugbank.ca) e)Data sheet 
(https://www.caymanchem.com/pdfs/63280.pdf) 
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3-1 Ëÿ{  ALS½Óô x Ċw Ñ SOD1ãîm
oĕ!¤sv|Æv¶ĉ (A) riluzole(B) edaravone(C) arylsulfanyl pyrazolone
(D) cyclohexane-1,2-dioneć2(E) pyrimidine-2,4,6-trione 
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!I#
3-2 G37RÑ SOD1ZÃ (R/KX¢ (A) 20 µM/ apo-SOD1(G37R)S-SE
1 M/Gdn++;.Ʋɢͯ 37oC/1,200 rpmͰ350 nm.AȳžĿûË̕#ͯ w/GdnͰ
Şȼ+)Gdn Eȧô.đǿ/ŔͤE˘&#ͯw/o GdnͰȫœ0 3ĥ±˘ȁ
ȭÌŰEMr*ɵ#Ǝ?B#ȳžĿû0\UJk̽ǎ.>@wIghIU
#(B, C) Gdn ++;.Ʋɢ# apo-SOD1(G37R)S-SEW̪.ɵǟ̼ʚ̡
#ƌ.ĥĉ̥̇ƒç͋ͯ110,000 x g, 15 minͰA+*Ǝ?B#čȮƖɑçͯsͰć
2ȮƖɑçͯpͰEɏ)(B) ̩͒×Ǭ³ć2(C) ̩×Ǭ³*/ SDS-PAGE E
˘&#rk/ɴ˳0CBBǴˊț.>@˘&#Cys57-Cys146/̼* S-S ʛĐEƆƣ
# SOD1ͯSOD1S-SͰć2S-S ʛĐ̩×# SOD1ͯSOD1SHͰ.ŞƔAɺ÷žE
ɫā*ɵ# 
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3-6 G*0A<U=D6TVěµ!¦267Vv¶ĉ(R/KXv¤s
t² 20 µM/ apo-SOD1(G37R)S-SE 1 M/ Gdnć220 µg/mL /(A) fluvastatinć
2(B) cerivastatin ++;.Ʋɢͯ37oC, 1,200 rpmͰ350 nm.AȮȥȳžË̕
#ͯ "ͰȒ̌/#:.ûĐɁEȧô)-ķĐ/Ȯȥ/ȳžļô.');ɵ
#ͯ"Ͱ 
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O F
OH
OOH OH
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3-7 (R/KXv¤st²v|ÆÄg  20 µM / apo-SOD1(G37R)S-S
E(A) 40 µMͯ 2 eq.Ͱć2(B) 20 µMͯ 1 eq.Ͱ/ûĐɁͯ simvastatin, alfacalcidol, miltefosineͰ
++;.Ʋɢͯ37oC, 1,200 rpmͰ350 nm.AȮȥ/ȳžļôË̕#ûĐɁE
ȧô-ķĐ.');˘&#ͯno compoundsͰ 
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3-8 G37RÑêçv(R/KXv¤sv|Æt² (A) 20 µM/ apo-
SOD1(G37R)SHEûĐɁͯ20 µg/mLͰ++;.Ʋɢͯ37oC, 1,200 rpmͰ350 nm.
AȮȥ/ȳžļôË̕#ûĐɁEȧô-ķĐ.');˘&#ͯ no compoundsͰ
(B) (A).)ȮȥE 12ǟ̼Ʋɢ#ƌ̥̇ƒç͋ͯ110,000 x g, 15 minͰA+
*Ǝ?B#čȮƖɑçͯ sͰć2ȮƖɑçͯ pͰEɏ)͒ ̩×Ǭ³*/ SDS-PAGE
E˘&#rk/ɴ˳0CBBǴˊț.>@˘&# 
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 3-9 PolyQ42-HTTEX1 êçv(R/KXv¤sv|Æt² 20 µM /
PolyQ42-HTTEX1EûĐɁͯ20 µg/mLͰ++;.Ʋɢͯ37oC, 1,200 rpmͰ350 nm.
AȮȥ/ȳžļôË̕#ûĐɁEȧô-ķĐ.');˘&#ͯ no compoundsͰ 
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3-10 G85RÑ apo-SOD1S-S(R/KXv(R/KXv¤sv|Æt²
20 µM/ apo-SOD1(G85R)S-SE 1 M Gdnć2ûĐɁͯ20 µg/mLͰ++;.Ʋɢͯ37oC, 
1,200 rpmͰ350 nm.AȮȥ/ȳžļôË̕#ûĐɁEȧô-ķĐ.'
);˘&#ͯno compoundsͰ 
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µg/mL /OYûƧíûĐɁEô# 20 µM/ apo-SOD1(G37R)S-S.') DSCE
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3-12 (R/KXv¤sv|Æ apo-SOD1(G37R)S-S S-S æ|ä¨x
t² 20 µM/ apo-SOD1(G37R)S-SE 1 M Gdnć2W̪.ɵ#ûĐɁͯ 20 µg/mLͰ
++;.(A) 2 ǟ̼A0(B) 12 ǟ̼Ʋɢ#ƌ̥̇ƒç͋ͯ110,000 x g, 15 
minͰA+*Ǝ?B#čȮƖɑçͯsͰć2ȮƖɑçͯpͰ.')̩͒×Ǭ³
*/ Urea-SDS-PAGE E˘&#rk/ɴ˳0̶ Ǵˊț.>@˘&#Cys57+ Cys146
/̼* S-S ʛĐEƆƣ# SOD1ͯ SOD1S-SͰć2S-S ʛĐèǓ# SOD1ͯ SOD1SHͰ
;đǟ.Ȟ÷!B"B.ŞƔAɺ÷žEɫā*ɵ# 
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3-13 G37RÑ SOD1(R/KXv
 S-Sæ|ä¨y (A) SOD1
.Ajy\èǓ̪¹*A]ć2HSmȌĴEʡˊ*ɵ\^h
JȌĴ.');̄ˊ*ɵ#(B) 20 µM/ apo-SOD1(G37R)S-SE 1 M Gdn++;.
2 ǟ̼Ʋɢ#ƌ.Ǝ?BAčȮƖɑçͯ2 hͰć212ǟ̼Ʋɢ#ƌ.Ǝ?BAȮ
Ɩɑçͯ12 hͰ.')jy\ȤûEǖ#ƌ.̲̂çǯE˘&#Şȼ+)
ƲɢAî/ apo-SOD1(G37R)S-S.');đǿ/ƥ͗*˨ǯ#ͯ0 hͰ̲̂çǯ0
̩͒×Ǭ³ͯ ͬʣ, w/o DTTͰć2DTT Eô) S-S ʛĐEèǓ#Ǭ³ͯ ̄ʣ, w/DTTͰ
*˘&#Ǝ?B#̲̂vT0MS Bridge Eɏ)ŶūE˘Ŷū*-&#v
T0ͱ*ɵ# 
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 3-14 (R/KXv¤sv|Æ S-S æ|ä¨xt² 20 µM / apo-
SOD1(G37R)S-SEûĐɁͯ20 µg/mLͰ++;.(A) 2ǟ̼A0(B) 12ǟ̼Ʋɢ
#ƌ.Ǝ?BAčȮƖɑç.')jy\Ȥû-?2.̲̂çǯE˘&#̂
̲çǯ0DTTEȧô-̩͒×Ǭ³*˘&# 
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ġĞĥéü
 ŗǗƖ ALS .)SOD1 ̨¶Ŋ.ĿɔđœB)@[38]əĿ
̪¹*Aʸ̠ͦ÷m.0ĿɔİSOD1dsT̂OY<ä͊
»+)ɔŷ.˒ɽA+ɬ?B)A[58]ɂ.Ŀɔİ SOD1EɞɉA
iK^/ʸͦ.0SOD1çŊ̼/ S-SʛĐ*T^TB#O
Yͯ S-SOYͰ/Ɔƣ˳:?BA[68,89]ʄʹʂ*;ɨɣ#>.
ʐ˝dsT̂Eɏ# in vitro*/Ŕͤ?SOD1.ÆŌB#çŊà S-Sʛ
ĐçŊ̼/ S-SʛĐ.ʙ8ƼDA+*S-SOYƆƣA+ʭ?
BAŃȻǾ̛.)Cys57+ Cys1460¦̲»ɒ͓¯̒*dsT
̂à̪.ı;B)A+?ͯĩ1-2ͰS-SʛĐ/ʙ8ƼŘǝ.̝˘A
+0ʭ. 
 SOD10ƄĪ-¦̲»EƆƣͯKd, ca. 0.1 nMͰ[26]͒ŷ.ͧȽŐœ
ƖEɵͯTm >90oCͰ[75]/>- SOD1/ĵɀ-	Ǿ̛0̷¨̵J
O/ʛĐ.>A+Cł[139–141]Ŕ͇̷¨̵JOE˨͋#H
İ/ SOD10Tm 50oC¯̒.7*º[76]!/ʛǱSOD1/Ǿ̛=?
ļłA+ĶėB)A[142–146]'7@̳ ūJO/˨͋ SOD1/
Ǿ̛=?EļłA+.>&)çŊàS-SʛĐEƆƣACys57<Cys146
ȮŉÎ.͏æS-SʛĐ/ʙ8Ƽčʶ.-A/*0-+¤ƚBA
!/˲ʗ.')0ǜ?*- 
 SOD1/OYû<ä͊.'-AdsT̂Ǿ̛/=?<Ŀû
Eɋ˨A#:.SOD1/Ǿ̛ƆƣͯwNiIUͰy`^.̽Aɯ
ɿ˘-DB)AÀ1ĿƖïEdsT̂Ȯȥ.ȧôA+*Ǿ̛
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Ɔƣ#ɄƝͯFɄƝͰ+Ǿ̛ŭĽ#ɄƝͯUɄƝͰ/ 2'Ź˚ɄƝ.ʤ
Ě)̚žœǎ/ŞǎEĿƖïȴž.Ş)ygjA+ͯ Chevron plotͰ
ˈɠ.0 V ŋİ/ĿûƎ?BAͯ¯̸ĆȼͰ[147]Hİ SOD1 .
Ş)ŧʔEĿƖï+)ɏ# Chevron plotE˘+ͧ ŧʔȴž͚Ĳ.
)ʤĚ̚žœǎ/ļôƧ?BAœË.̒(>-Ʊ÷Eɵͯ ¯
̸ĆȼͰ[148–150]/>-Ʊ÷?Hİ SOD1/wNiIUy`
^ F ɄƝ+ U ɄƝ/¦ɄƝ̼*̝9/*0-Ǿ̛Ɔƣ/̝F$þ̲»
ɍ#ƌ.¦̲»ûA+* F ɄƝ.-A+ƻǹB)A[148–150]7#
wNiIUy`^/̘.ɍAþ̲»ä͊<OYû+&
#^wNiIU/ăĦ.-A/*0-+;ʭ?B)A[149,151,152]
ä͊<OYûŁçŊ̼/ĈƔ*A+++!B?
SOD1/þ̲»û.>&)Å̝BA++0§.ɪɦA>.;ʭ
?BAǕ*þ̲»û.·&)çŊà S-SʛĐȮŉÎ.͏æA+;¤
ƚBʄʹʂ*˻˸#>.çŊà*/ S-SʛĐ/ʙ8ƼE̙)Ǿ̛
òɠ.Ŀûä͊<OYû̝9+;ʭ?BA-?ʄ
ʹʂEĔ:#Ł/ɯɿ.)0SOD1/ŃȻǾ̛EŐœûA#:.Ŀ
ƖïE¿ɏ#Ŕͤ̝:?B)@ɍ»àɌĻ.Aä͊<OYû
/Pm_.')>@˲ʗ.Ǽ˫AƓˠA 
 !*ǫɯɿ*0Hİ SOD1 /ȽĿƖy`^.ɨɣALS Ŀ
ɔ/ 1 '*A G37R Ŀɔ SOD1 /ȮȥǾ̛.ć6Ƈ͕Eǜ?.A
+*S-SOY/ƆƣPm_.')˻˸E˘&# 
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ġğĥĚ£¾ 
ġğĞĥ6V@+Ąe÷ x à÷ 
 ̱ɍİͯ WTͰG37RC6SC111SC6S/C111SG37R/C6SG37R/C111S
ć2G37R/C6S/C111S Ŀɔİ apo-SOD1S-SͯHİ*çŊà S-S ʛĐEǦ#
SOD1Ͱ0ͳͳʊ.ˬ̍#ƥț.ƍ¾˝ʐ˝# 
 
ġğğĥPEG-KT%L<129%V¹ię 
 ͧMfUXͯçŊ̲ 5,000Ͱ.fOjĴ+ɂ
ɔɠ.ĈƔAJkĴ¯ô#mPEG-MALͯ #PG1-ML-5k-1, NANOCSͰ
Eìɏ)SOD1.A\^hJȌĴ/͏æžEŔͤɠ.˯Ã#B
0MfUX/ͧ/#:. mPEG-MALdsT̂˛͓
.͏æ#\^hJȌĴ+̧ƪɠ.ĈƔA+Eìɏ#˯Ãƥț*A
100 mM sodium phosphate (Na-Pi)/100 mM NaCl/5 mM ethylenediaminetetraacetic acid 
(EDTA), pH 7.4ͯ NNErgwGͰ.Ȯ˨# 20 µMA0300 µM/ apo-
SOD1S-S.5ƅ̲/ mPEG-MALͯ0.1 mMA01.5 mMͰEô) 20oC
? 60oC7* 10oC/ďȪž*͑ʪ#!/ƌʘȴž 10 mM+-A
>. dithiothreitolͯ DTTͰEô)ĈƔEÍȈ#ĈƔƌ/dsT̂Z
yͯ3 µgͰE̩×Ǭ³*/ SDS-PAGEͯͳ͵Ͳ͖Ͱ.>@ç͋CBBǴˊ
ͯͳ͵ʹ͖Ͱ.>@Ǝ?BArk/ƄžE Image JͯNIHͰ.>@˨ǯ# 
 
ġğĠĥALSO:SK&2ÎvÕû± 
 WTć2G93A Ŀɔİtj SOD1 ̨¶ŊEʙ8̐F$j^]L
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mgTK^ͯ B6.Cg-Tg(SOD1)2Gurć2B6.Cg-Tg(SOD1*G93A)1Gur/J: ʍī
]TbɯɿƤ>@̃ÜͰć2G37R Ŀɔİtj SOD1 ̨¶ŊEʙ8̐F
$j^]LmgTK^[153]0ĒČũłŎ/ŬŒ¦ǌƵ>@ÁB#
-iK^Eɏ#Ý)/Ŕͤ0ƠơʬĺłŎć2ĒČũłŎ/
÷ɁŔͤňĜµ*ŝǵƦ˳B#;/*A 
 ď/iK^?ʾͦEƷĊãʛÆŌ)#;/ͯ >
! 15 mgͰE1% NP-40100 mM iodoacetamideͯ IAͰ5 mM EDTAć2EDTA-
free Complete Protease Inhibitorͯ RocheͰEĔ9̮ʤ˙ɍɋ͞ĸȔͯPBSͰͯ ʙ
ʨ̰̲/ 25É̲.ɥƅA»ɽͰ.}]lJ_#̥ ƒç͋ͯ 20,000 x g, 30 
min, 4oCͰA+*Ǝ?BAȨͯ čȮƖɑçͰ.')Micro BCA Assay Kit
ͯThermo ScientificͰEɏ)ʠdsT̲̂Eœ̲#čȮƖɑç/ʠds
T̂ 15 µg E SDS-PAGE.>@ç͋#ƌdsT̂E PVDFxͯ 0.2 
µm, WakoͰ.xghIU#ͯ 350 mAœ͎ȡ1ǟ̼Ͱ!/ƌ5%ͯ w/vͰ
^RT+ 0.01%ͯv/vͰTween 20EĔ9 PBS*xExgRU
Ʃ SOD1Ʃ»ͯ 1:10,000; FL-154, rabbit polyclonal IgG, Santa Cruz BiotechnologyͰ
ć2HRP ȁ˺ƩKZSƩ»ͯ 1:10,000; goat polyclonal IgG, Santa Cruz 
BiotechnologyͰ+ĈƔ#Ǥƌ.ImmunoStar LDͯWakoͰEɏ)ɞÚ
LumiCubeͯLiponicsͰEɏ)rkEǼæ# 
 
ġğġĥÛą´ÅĎÂĜDSCĝ6V@+ĄÅ ýh 
 SOD1/ȽĿƖy`^.')Ǽ˫A#:.DSCE˘&#ͯ -
±.ˬ̍Aǆ¾0çŊɸŎɯɿƤ.)˘&#Ͱ7NNErgwG*Ź
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˚û#WC̡Pͯ Cosmosil 5-Diol-300-II, nacalai tesqueͰ.>! 1 mM
/ apo-SOD1S-Sͯ1 mLͰEkZJ_ƶ̓TjUwI.>@rg
wGEªƼ#Ǝ?B#Ȯæȥ0̥ƒƀwIdmgjͯAmicon Ultra 
0.5 mL centrifugal device, 10,000 MWCO, MilliporeͰEɏ)ȴʦͯ 10,000 x g, 4oCͰ
Ɛ̲çÚÚž˪ͯNanoDrop 2000, ThermoͰ.>@dsT̂ȴžEȫœ
#̔/ZJ_ƶ̓TjUwI/͇.¿ɏ#mUrgwG
ͯNNErgwGͰEɏA+*1.0 g/Lͯca. 60 µMͰ/ apo-SOD1S-SȮȥͯ2 
mLͰE˷˝0.22 µm/\]wId*C̡#!/ƌZyȮ
ȥEThermoVacͯ GE HealthcareͰEɏ) 10oC* 5ç̼/ʹȓE˘Zy
`ͯca. 500 µLͰ.ØĹ#đǿ.ʹȓ# NNErgwGEwG
^`.ØĹMicrocal VP-DSCͯGE HealthcareͰEɏ)10oC? 70oC
7* 1.0oC/min/Ǭ³*ǛȪA+* DSC E˘&#7#ʹȓ# NNEr
gwGEZy`+wG^`/Ǖ.ØĹ)ȫœrgTU
Kk+-AZUEƎ# 
 id/˨ǯ0Origin DSCbwjKLHͯver 7.0, OriginLabͰEɏ
)˘&#7dsT̂Zy/ZU?rgTUKk/Z
UEŰƁ#ƌdsT̂/ǎͯmolͰ*ñA+*1 
#@/Ƚ̲idͯcal mol-1 oC-1Ͱ.ĿƼ# 
 
ġğĢĥ;RF;D"Võk2I+;SÂ 
 SOD1ǦAjyjwG/˕Ú^|TjEçÚ˕ÚÚž˪ͯ F-
4500, HitachiͰ.>@ȫœ#2 mL/ NNErgwG.Ȯ˨# 5 µM/ apo-
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SOD1S-SE˧İɮˍ`ͯÚ̺̉ 10 mm, #23-Q-10, Sterna scientificͰ.ÜB)Ɨ
ȪȔȀEƹʞ#`}e.`gj#`/Ȫž0Ƚ͎ŞȪž˪ͯEM 
Digital panel meter, Sato Keiryoki Mfg.Ͱ*ɴ˳Ȫžœ+-&)? 5ç̼
͑ʪ#õ̆Ȝ̺0 282 nm.˭œ450 - 300 nm/˕Ú^|TjE 5ĥ
ȫœ)Ǝ?B#^|TjEŹįû#˲ʗ-ȫœǬ³0˛4-1.7+:
#5 ĥ/ȫœ*Ǝ?B#^|TjEŹįûA+*Ǝ?BA 348 nmć
2365 nm /˕ÚƄžȒEȫœȪž.Ş)ygjIgor Proͯver 6.37, 
WavemetricsͰEɏ)\UJk̽ǎ*wIghIUA+*̊ ɺȪžE
ʈæ# 
 
ġğģĥn]ñ ĜCDĝpk¾ SOD1]¸¶ĉû± 
 ȽĿƖ.· SOD1/¦ȇǾ̛Ŀû.')Ǽ˫A#:.CD^|
TjȫœE˘&#ͯ-±/ǆ¾0çŊɸŎɯɿƤ*˘&#ͰʹĸP
ͯProtein Desalting Spin Columns, #89862, ThermoͰEɏ)apo-SOD1S-SEĔ
9Zy/rgwGE 10 mM Na-Pi/100 mM NaCl, pH 7.4ͯNNrgwGͰ
.ªƼ#ƌ20 µM̥ͯʖŀ͚Ĳ: 250 - 195 nmͰA0400 µMͯ̒ʖŀ
͚Ĳ: 320 - 260 nmͰ+-A>.ȫœɏ/ZyE˷˝#-ªƼ.ɏ
# NNrgwG0Chelex 100 Resinͯ BioRadͰ*åɋA+*¦Ã/̰̳
ūJOE̓ą)A400 µL/ZyȮȥE˧İ`ͯÚ̺̉ 1 mm, #1-
Q-1, Sterna scientificͰ.ÜB|fLƀƗȪ˜ʪ.>@ȪžíƏͯ ˵Ű ±0.1oCͰ
B#`}e.`gjá¦ˊƖçǍ˪ͯ J-720WI, JASCOͰEɏ)
CD^|TjEȫœ#˲ʗ-ȫœǬ³0˛4-2.7+:# 
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ġğĤĥXêú©\ĜSAXSĝ SOD1.VD'NX1PVû± 
 Xʣţ˧Ǎ¡/ȫœ0ͧ̎ž Xʣɞɍ˜ʪͯRA-Micro7, RigakuͰć
22 ȇ×ǼæĢͯPILATUS 200K, DECTRISͰEƹʞ#ţ˧Ǎ¡ȫœ˜ʪ
ͯNANO-Viewer, RigakuͰEɏ)˘&#ͯ-±/ǆ¾0çŊɸŎɯɿƤ.
)˘&#Ͱ 
 SAXS ȫœ/ɤî.NNE rgwG*Ź˚û#WC̡P
ͯCosmosil 5-Diol-300-II, nacalai tesqueͰEɏ#ZJ_ƶ̓TjUwI.
>@dsT̂ZyEʐ˝#Ǝ?B#Ȯæȥ0̥ƒƀwIdmg
jͯAmicon Ultra 0.5 mL centrifugal device, 10,000 MWCO, MilliporeͰEɏ)ȴ
ʦͯ10,000 x g, 4oCͰ#̔/ZJ_ƶ̓TjUwI/͇.¿ɏ
#mUrgwGͯNNErgwGͰEɏ)>! 5.0 g/Lͯca. 300 
µMͰ/ apo-SOD1S-SE˷˝Ɛ̲çÚÚž˪ͯNanoPhotometer P330, ImplenͰ
.>@ 280 nm/ĕÚžEȫœA+*ȉɴ-dsT̂ȴžEʈæ#25 
µL/ZyȮȥEȫœɏ`ͯ Ú̺̉ 1 mmͰ.ÜB)|fLƀƗȪ˜ʪ
.>@ȪžíƏͯ˵Ű ±0.1oCͰB#`}e.`gj#SAXS ȫœ
010oC ? 60oC 7*/ďȪž.)3 ç̼/͏Úǟ̼* 10 w/
ǄƇE˘&#ͯ˲ʗ-ȫœǬ³0˛4-3Ͱ7#ďȪž* apo-SOD1S-SȮȥEȫ
œ#ƌZJ_ƶ̓TjUwI/͇.mUrgwG+)ɏ
# NNErgwG.');đǿ/Ǭ³*ȫœE˘&# 
 ďw.AǍ¡Ô/áɌŹįE+@Ǎ¡{Tj Q .Ş
)Ǎ¡Ƅž I(Q)Eygj#Ǎ¡ǢʣEƎ#ƌ.apo-SOD1S-SȮȥ/Ǎ¡Ǣ
ʣ? NNE rgwG/8/Ǎ¡ǢʣEŰƁ#;/EdsT̂ȴž
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ͯmg/mLͰć2͏Úǟ̼ͯ3 x 10 minͰ*ˢǸû#-Q0Ǎ¡˧ͯ2%Ͱ
+ XʣȜ̺ͯ&ͰEɏ)4'sin(%)/&+œʬBA7#ǋŠʣ.>@˰ǒ
ƿÑA+Ǎ¡ǢʣwȐ.ĿûAǫɯɿ.A SAXSȫœ*
0Ý)/w.!/>-Ŀû0ˡ?B˰ ǒ/ǋŠʣƿÑ0-+ʭ
?B#ďw.Ş)Ǝ?B#Ǎ¡Ǣʣ/ŹįE+@±̀/˨ǯ.ɏ
# 
 id/˨ǯ0ATSUS softwareͯ ver 2.7.1, EMBLͰEɏ)˘&#[154]
Qţţ˧͚ĲͯQ < 1/RgͰ*0Ǎ¡Ƅž I(Q)0ƞƖýƉ Rg+ăȸǍ¡Ƅ
ž I(0)Eɏ)ƀ 4-1/>.˛+*AͯGuinier̒¸Ͱ[155] 
89 :!;- < :!=- > ?@AB ;C      ͯ4-1Ͱ 
Ln I(Q)E Q2.Ş)ygjͯGuinierygjͰɤʣ̒¸.>@Ǝ?BA
Ò? RgEyèȿ/Ë? I(0)EȖ:A+*A 
 ăȸǍ¡Ƅž I(0)0dsT̂/çŊ̲̂.ȒÀAË*ȁȭ˰ǒ/
çŊ̲̂Mwstdć2ăȸǍ¡Ƅž I(0)stdEɏ)ƀ 4-2>@dsT̂/ˡ
/çŊ̲̂ͯMrͰEȖ:A+*A[156] 
D' < DE$)6 F G!H-I F JG!H-KLMIKLM N2O F PQRSTUVRWUXY2Z[KLMQRSTUVRWUXY2Z[ \C   ͯ4-2Ͱ 
*cć2cstd0dsT̂ć2ȁȭ˰ǒ/̰̲ȴžͯg/LͰ(pro0
dsT̂/þ¹̰̲#@/͎Ŋǎͯ3.22 x 1023 g-1Ͱ(sol0Ȕ/þ¹»ɽ#
@/͎Ŋǎͯ3.34 x 1023 cm-3Ͱ]^ć2]^$)60dsT̂ć2ȁȭ˰ǒ/Ì
ȒŘͯ cm3/gͰE˛dsT̂/ÌȒŘ0 0.70 - 0.75 cm3/g*Aǩɬ˰ǒ
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ȁȭ˰ǒ+;.dsT̂EɏAķĐ.0ʮ/ÌȒŘ056ʅ+8-
+*A#:ƀ 4-20ƀ 4-3/>.-A 
D_ < DE$)6 F G!H-I F JG!H-KLMIKLM N2O     ͯ4-3Ͱ 
 ǫɯɿ*0K\˗ȨHxͯ BSA, #A7638, Sigma; Mwstd, 66.4 kDaͰ
Eȁȭ˰ǒ.ɏ)ƀ 4-3 >@ SOD1 /ˡ/çŊ̲̂EȖ:#NNE r
gwG.Ȯ˨# 5.0 g/L/ BSAE˷˝̔/ƥ͗.ƍ&)ZJ_ƶ̓
TjUwI.>@ʐ˝#Ǝ?B#ȮæȥEȴʦA+*>!
2.0 g/L/ BSAE˷˝#ƌƐ̲çÚÚž˪ͯNanoPhotometer P330, ImplenͰ.
>@ 280 nm /ĕÚžEȫœA+*dsT̂ȴžEʈæ#ͯcstd, 1.85 
g/LͰ`}e/ȪžE 10oC.˭œ̔+đǿ/Ǭ³* SAXSȫœE
˘&#Ǝ?B#Ǎ¡Ǣʣͯĩ4-1AͰ? Guinierygjͯĩ4-1BͰE˘
+*BSA/ƞƖýƉ Rg0 28.4 ± 0.4 ÅăȸǍ¡Ƅž I(0)std0 3.16 ± 0.03 (a.u.)
+ʈæB# 
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ġĠĥĚæ² 
ġĠĞĥSOD16V@+ĄÅ FU42ĔÅp± 
 7SOD1dsT̂/ȽĿƖy`^.')Ǽ˫A#:.apo-
SOD1S-S/ DSCE˘&#B7*/ɯɿ?SOD1ǦA 2'/\^hJ
ȌĴͯCys6, Cys111ͰǛȪ/̡ɻ*]^wIkʛĐ.̮ûBč̖ɠ
.ĿƖ)7+ĶėB)A[157]7#fOfOj+
)ŌĭA Cys6ć2Cys111E+;.HmȌĴ<`ȌĴ.ʪƼA
+*SOD1 /ĿƖy`^č̖ɠ.-A+;ɴ˳B)A[157]!
*\^hJȌĴ/̮û.>AƇ͕Eƶ̓A#:.C6S/C111SĿɔEŢÜ
# S-SʛĐƆƣİ SOD1ͯpSOD1S-SͰEɏ) DSCE˘&# 
 ĩ4-2A,B .ɵ>.Hİ pSOD1S-Sͯapo-pSOD1S-SͰ/ȽĿƖ.
·ĕȽvT/ǽłȪžͯTmͰ0G37R Ŀɔ/ŢÜ.>&)51.1oC ?
43.3oC.º)@ȽŐœƖ/ºEɴ˳A+*#?.ȽĿ
Ɩ/îƌ.AȽŘ̲ͯCpͰ/ȪžĿûͯĩ4-2A,B ̄ŔʣͰE;+.{^
JE˭œͯĩ4-2A,BɱʣͰȽĿƖ.·ȽŘ̲ĿûE˛ZU
EƎ#ͯ ĩ4-2CͰApo-SOD1S-SwNk#ɄƝͯ FɄƝͰ?HwN
k#ɄƝͯ UɄƝͰ3+ 2'/ɄƝ̼E̊ɺAķĐ.0ZU.
AĕȽvT0QK^Ǣʣ*7wIgj*A+ʭ?BA
apo-pSOD1S-S /ZU0Tm Eǽł+AQK^Ǣʣ*07wIg
jA+*Tm >@;ºȪž͚Ĳ.ĕȽ̡ɻŌĭA+ç
&#C6S/C111S/ĿɔEŢÜ)-Hİ SOD1S-Sͯ apo-SOD1S-SͰ.'
); DSCE˘&#+Capo-pSOD1S-S+đǿ/ Tmͯ WT, 51.5oC; G37R, 43.8oCͰ
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Ǝ?BTm>@ºȪž͚Ĳ.ĕȽ̡ɻɴ˳B#ͯĩ4-2DͰ>&)H
İ SOD1ȽĿƖAy`^.)̼ɄƝ/ŌĭɵĝBAß»
ɠ.0ǛȪ.·&)F ɄƝ/ apo-pSOD1S-S0Tm>@;ºȪž͚Ĳ.
)̼ɄƝͯIɄƝͰ.Ŀû#ƌ.TmEǽł+AĕȽvTEʚ)U
ɄƝ.ĿƖA+ʭ?BAɂ.G37RĿɔEǦA apo-pSOD1S-S0tj
/»Ȫ¯̒ͯ37oCͰ.)IɄƝ+)Ōĭ)A+ʭ?BAͯĩ
4-2CͰ!*apo-pSOD1S-S/ I ɄƝ/Ǿ̛ɠɂƑ.')?.Ǽ˫E̝:
# 
 
ġĠğĥIÈ¡ø  SOD1¶ĉ	 

jyjwG˕ÚSOD1/ȽĿƖ.·Ǿ̛Ŀû.')ɬˡEƎA#:
.SOD1. 1'$ŌĭAjyjwGȌĴͯ Trp32Ͱ.ɨɣ#ͯ ĩ4-3Ͱ
jyjwGɞA˕Ú/ǽłȜ̺<Ƅž0!/Ę̏ɌĻ.Ɣ)Ŀû
A+?dsT̂/Ǿ̛ĿûË̕A#:.>ɏ?BA[158]ɂ.
dsT̂ĿƖA+dsT̂/à̪.ı;B)#jyjwGȌĴ
ȮŉÎ.͏æA#:.jyjwGȌĴĘĨ/ȔĚȔļô˕ Ú/
ǽłȜ̺̺Ȝ̺Î.\wjA[158]ĩ4-4A,B.10oC? 60oC7*ȪžE
Ŀû)Ǝ?B# apo-pSOD1S-S /˕Ú^|TjEɵȮȥȪžǛ
A.ƍ&)ȪžȤÚ.>AöǱ.>&)˕ÚƄž0ºA;//[159]ǽł
Ȝ̺/͛ˑ-\wj0˳:?B-&#B0SOD1 /ŃȻǾ̛.)
Trp32ȮŉÎ.͏æ)@ͯ ĩ4-3ͰȽĿƖ.>&);!/ɌĻ7@Ŀû
-#:.˕ ÚȜ̺.0ł-ĿûɉB-/*0-+ʭ?BA
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!*345 nm+ 365 nm.A˕ÚƄž/ȒEȫœȪž.Ş)ygj
A+*>@Ɛţ-Ŀû/ǼæE˰8#+CǛȪ.·ĿûEɴ˳*
\UJk̽ǎ.>AwIghIU.>&)apo-pSOD1(WT)S-S * 50.6oC
apo-pSOD1(G37R)S-S* 39.4oC /̊ɺȪžƎ?B#ͯĩ4-5ͰB?/Ë0
DSC .)˦ŜB# I ɄƝ? U ɄƝ3/ TmͯWT, 51.1oC; G37R, 43.3oCͰ
+56ˇ)AǕ*FɄƝ? IɄƝ3/Ŀû.ŞƔAȪž͚Ĳ*
0˕ ÚƄžȒ.Ŀû0˳:?B-&#'7@Trp32ĘĨ/Ǿ̛0FɄƝ
? IɄƝ.̊ɺA̡ɻ*0ʟƯB)A;//IɄƝ? UɄƝ.̊ɺ
A̡ɻ.)ĿûA+ʭ?BA 

̒ʖŀ CD ȇ.ˋ͢ǗHp̮< S-SʛĐ/ĘĨɌĻ/ĿûEǜ?.
A#:.̒ʖŀ͚Ĳͯ350 - 250 nmͰ/ CD^|Tj.ɨɣ#dsT
̂ȇǾ̛EƆƣ)A+ˋ ͢ǗHp̮< S-SʛĐ0ÚŎȠƖ-ɌĻ.
A#:̒ʖŀ͚Ĳ. CD^|Tj˦ŜBA[160]ĩ4-6A,B.ɵ#>
.WTć2G37RĿɔİ0 320 - 260 nm/̒ʖŀ͚Ĳ.˾/ CD\Ul
Eɵ;//ȮȥȪž/Ǜ.·˾/ CD\UlȤń#B?/
Ŀû0jyjwGͯ Trp32ͰwLmHmͯ Phe20, 45, 50, 64Ͱć2S-Sʛ
Đ/ĘĨɌĻȽĿƖ.·&)ĿûȇǾ̛ńDBA+Eɵ)A[160]
!*280 nm/ CDËEȪž.Ş)ygj)8A+Trp˕Ú^|Tj
+đǿ/ȪžĿûEɵIɄƝ? UɄƝ3/Ǿ̛ĿûEĈǞ)A+
ʭ?B#ͯ ĩ4-5ͰǕ*FɄƝ? IɄƝ3/Ŀû.ŞƔAȪž͚Ĳ*
0280 nm/ CDË.Ŀû0˳:?B-&#+?ͯĩ4-5Ͱapo-pSOD1S-S
/ IɄƝ*0ȇǾ̛ʟƯB)A+ɵĝBA 
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\^hJ/Ç͠ĈƔ?.SOD1ǦA 2'/\^hJȌĴͯ Cys6, 
Cys111Ͱ.;ɨɣȽĿƖ/y`^.) SOD1.ɍAŨƤɠ-Ǿ̛Ŀ
û.')Ǽ˫#Cys6/111 0 SOD1 ¦̲»/ɒ͓¯̒.¹ʪA!-^j
k.A+?ͯĩ4-3ͰCys6/111ĘĨ/ɌĻĿû0SOD1/¦̲»Ǿ̛/
ĿûEĈǞA+ʭ?BA!*ȽĿƖ.· Cys6/111ĘĨ/ɌĻĿûE
JkĴE˖Đ#MfUXͯ mPEG-MALͰ+/ĈƔƖ.>
@Ǽ˫#ͧ mPEG-MALͯ çŊ̲ 5,000Ͱ\^hJȌĴ/fO
jĴEÇ͠A+SDS-PAGEW.A SOD1/ɺ÷žºA#:\
^hJȌĴ3/Ç͠ĈƔE SDS-PAGE.>@̈̕A+*A 
 7Cys111/ĘĨɌĻ.')˯ÃA#:.C6SĿɔEŢÜ#
apo-SOD1S-SEɏ)mPEG-MAL.>A Cys111/Ç͠ĈƔ/ȪžÂŌƖEǼ˫
#ĩ4-7 .ɵ#>.C6S Ŀɔİć2G37R/C6S Ŀɔİ/B.
');20 - 60oC/ʋĨ.)öɈ>Ç͠ĈƔ̝˘)@G37RĿ
ɔ.>AƇ͕0˳:?B-&#'7@apo-SOD1S-S*0ͧ mPEG-
MALŘǝ.HT`^*A5,Cys111ȮŉÎ.͏æ)A+ʭ?BA
Ŕ͇SOD1/ʛǡǾ̛.); Cys111ȮŉÎ.͏æ)A+Eɴ˳*
Aͯĩ4-3Ͱ 
 ȇ.Cys6/ĘĨɌĻ.')˯ÃA#:.C111SĿɔEŢÜ#
apo-SOD1S-SEɏ)mPEG-MAL .>A Cys6 /Ç͠ĈƔ/ȪžÂŌƖEǼ˫
#C6SĿɔİ SOD1+0ɔ-@C111SG37R/C111SĿɔİ/B/ apo-
SOD1S-S.);20 - 30oC*0 mPEG-MAL.>AÇ͠˳:?B-&#
ǛȪ.·&)Ç͠ĈƔ̝˘A+ç&#ͯĩ4-8A,BͰ!*ǩ
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Ç͠İ+Ç͠İ.ŞƔArk/ƄžȒE˪ȫÇ͠İ SOD1/ñĐEȪž
.Ş)ygj#+CȪžĿûE\UJk̽ǎ*wIghIUA
+*̊ ɺȪž0 C111SĿɔİ* 42.9oCG37R/C111SĿɔİ* 35.4oC+
-&#ͯĩ4-8EͰB?/̊ɺȪž0DSC .>@Ǝ?B# TmͯWT, 51.1oC; 
G37R, 43.3oCͰ>@;ºFɄƝ? IɄƝ3/y`^EĈǞ)A+ʭ
?BAB7*.C111SĿɔ0SOD1/ȽŐœƖEºA+0-
9CTm0 2 - 3oCǛA+ĶėB)A[157]>&)Cys6/Ç͠Ĉ
Ɣ.̽ÅɺȪž DSC*Ǝ?B# Tm>@;º/0C111SĿɔEŢÜ
#+ăĦ*0-+ʭ?BA*Cys60 SOD1/¦̲»ɒ͓¯̒.
Ōĭ)A#:ͯĩ4-3ͰdsT̂ĤȇǾ̛/̤ mPEG-MAL+/ĈƔ
Ɩ.Ƈ͕Eć6+Øç.ʭ?BAŔ͇mPEG-MAL.>AÇ͠ĈƔ
.0 20 µM/ SOD1dsT̂Eɏ)ADSC.0 1 mg/mLͯ ca. 60 µMͰ
/ SOD1 dsT̂Eɏ)ȪžĿûEǼ˫)A!*Cys6/ mPEG-
MAL/ĈƔƖ.ȴžÂŌƖˡ?BA/EǼ˫A#:.300 µM / SOD1
dsT̂Eɏ)đǿ/ƥ͗*Ç͠ĈƔE˘&#;//20 µM/ȴž*Ǝ?
B#ʛǱ+ł-̤0˳:?B-&#ͯĩ4-8C,D,EͰ>&)mPEG-MAL
.>A Cys6 /Ç͠ĈƔ/ȪžÂŌƖ?Ǝ?BA Tm DSC .>&)Ǝ?B
A Tm+ɔ-A/0SOD1 ȴž/̤.̆ĦA;/*0-+ʭ?BA
±/ʛǱ?SOD1/ȽĿƖy`^.)FɄƝ? IɄƝ.ɺ˘
A͇.0dsT̂à̪.ı;B)# Cys6ȮŉÎ.͏æA+ɵĝ
B# 
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ġĠĠĥÅ c SOD16V@+Ą]¸¶ĉv 
 ȽĿƖ.>A SOD1 /¦ȇǾ̛{*/Ŀû.')ɬˡEƎA#
:.̥ʖŀ͚Ĳ.A CD ^|Tj/ȫœE˘&#ĩ4-9A,B .ɵ>
.ȮȥȪž 10oC*0apo-pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S0 210 
nm ¯̒.˾/vTEǦA CD ^|TjEɵ#B0SOD1 / F Ʉ
Ɲ/Ǿ̛.!-\j?-A+EĈǞ)A+ʭ?BAͯ ĩ1-1Ͱ[161]
ȮȥȪžǛA+210 nm ¯̒.ˡ?BA˾/vTȤńA
Ǖ*eXJǾ̛.ɂƑɠ- 200 nm/˾/vTɉB!/Ƅž
ļłA+ç&#B?/Ŀû0Ȫž/Ǜ.·&)SOD1/!-
\jǾ̛eXJ3Ŀû)A+Eɵĝ)A[161]!*
ȽĿƖ.· SOD1/¦ȇǾ̛Ĕ̲/ĿûE˯ÃA#:.eXJǾ
̛EĈǞA 200 nm/ CD\Ul+!-\jǾ̛EĈǞA 210 nm/ CD
\Ul/ƄžȒͯ%210/%200ͰEȮȥȪž.Ş)ygj#ĩ4-9C.ɵ
>.ȮȥȪž/Ǜ.·&)%210/%2000ȩŤapo-pSOD1(WT)S-S*048oC
apo-pSOD1(G37R)S-S*0 36oC*ő£)#'7@¦ȇǾ̛Ĕ̲º
Ay`^0DSC*Ǝ?B# TmͯWT, 51.1oC; G37R, 43.3oCͰ.ɥƅAȪž
*0ő£)@Cys6ȮŉÎ.͏æAy`^+>ˇ)#ͯ ĩ4-
8EͰ 
 Apo-pSOD1S-S/ȽĿƖy`^̼ɄƝEʚɐ- 2ɄƝͯ F/U
ɄƝͰ̼ */̊ɺ.>@̝˘AķĐ.0ʅCDȸŌĭA+ʭ?BA[162]
apo-pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S/ CD^|Tj/Ȫž
Ŀû.0ʅ CD ȸ˦ŜB-&#+?;ͯĩ4-9A,BͰȽĿƖ/y
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`^.̼ɄƝŌĭA+ʭǈƯBA!*CD^|Tj/
ȪžĿû.')ɂɔËç˨˨ǯE˘apo-pSOD1S-S/ȽĿƖy`^Eˬ̔
A#:.Ɠˠ+-Aƣç/ǎE˯Ã#710oC *ȫœ# CD ^|T
jEĴȭ+)ďȪž*/ CD^|Tj+/Ű^|TjEȭÐͯ ĩ4-
10A,BͰ!B"B/Ű^|Tj.Ş)ɂɔËç˨E˘&#!/ʛǱŰ^
|Tj/ȪžĿû0Ť-+; 2'/^|Tjƣçͯĩ4-10A,BƳÜĩͰ/
Ŀû.>&)˶ǜ*A+ç&#7#ďȪž.AŰ^|Tj.
Ĕ7BA 2 '/^|Tjƣç/ñĐEȪž.Ş)ygjA+apo-
pSOD1(WT)S-Sͯ ĩ4-10CͰ/ķĐ0ʄ 1^|Tjƣçͯcomponent 1Ͱ 10oC
? 46oC7*ļôA++;.ʄ 2^|Tjƣçͯ component 2Ͱ 40oC
? 52oC7*ļôA+ç&#7#apo-pSOD1(G37R)S-Sͯ ĩ4-10DͰ*
0component 118oC?38oC7*ļô#ƌ.58oC7*0ȩŤcomponent 
20 30oC? 60oC7*þ˷.ļôA+ç&#Component 1/ñĐ
Ǥł+-AȪžͯWT, 46oC; G37R, 38oCͰ0mPEG-MAL.>A Cys6/Ç͠Ĉ
Ɣ/ȪžÂŌƖ?Ǝ?BA TmͯC111S, 42.9oC; G37R/C111S, 35.4oCͰ+56
ˇ)A+?;ͯĩ4-8EͰcomponent 10 IɄƝEĈǞ#^|Tjƣ
ç*0-+ʭ?BAǕ*component 2 Ā:AñĐ/ȪžĿû0
DSC .>@Ǝ?BAĕȽvTͯĩ4-2CͰ+56ˇ)@U ɄƝEĈǞ
#^|Tjƣç*A+ʭ?BA'7@CD^|Tj/ȪžĿû0
FɄƝ? IɄƝ3/Ŀûͯ component 1Ͱ+IɄƝ?UɄƝ3/Ŀûͯ component 
2Ͱ.>&)˶ǜ*A/*0-+ʭ?BA 
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ġĠġĥÅ c SOD16V@+Ą.VD'NX1PVv 
 IɄƝ*0¦ȇǾ̛Ĕ̲͛ˑ.º)A;//?.ȪžE
A+* Trp32ĘĨ/ɌĻĿûͯ ĩ4-5ͰĕȽĈƔ̝˘A+?ͯ ĩ
4-2CͰI ɄƝ+ U ɄƝ0ɔ-AǾ̛ɠɂƑEǦ)A+ɵĝBA!
*IɄƝ+UɄƝ/Ǿ̛ɠ-̤Eǜ?.A#:.Xʣţ˧Ǎ¡ͯ SAXSͰ
.>AdsT̂/XwN\˨ǯE˘&# 
 ĩ4-11A,B.ɵ>.apo-pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S
/Ǎ¡Ǣʣ0ȪžǛ.·&)ţ˧͚ĲͯQ < 0.1 Å-1Ͱ/Ǎ¡ƄžºA
++;.Q = 0.3 Å-1¯̒.ˡ?BAƐƂ-vTȤń#Ǎ¡Ǣʣ0Ǎ
¡»*AdsT̂/ƆɄ<ł.>&)ĿûA+?ȽĿƖ.·&
) SOD1 /ȮȥǾ̛Ŀû)A+çA!*Ǎ¡Ǣʣ/ Kratky
ygjͯ Q2 x I(Q) vs. Q2ͰE˘+*˯Ã*AdsT̂/ɊɄƖE;+.
)[163]SOD1 /ȽĿƖ.·XwN\/ĿûEǼ˫#ds
T̂ɊɄ/XwN\EǦ)AķĐKratkyygj0{İ/
ǽłEɵ[163]ǕdsT̂ĿƖA+*̹Ʉ.-A+Q2 x I(Q)/
Ë Q .Ş)þ˷ļô#ƌ.œË.ȱ̒A#:ǽłˡ?B--
A[163]Ŕ͇apo-pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S.)Ǝ?BA
Ǎ¡Ǣʣ/ KratkyygjE˘+Q = 0.082 Å-1.ǽł˦ŜBȪž/
Ǜ.·&)vT/ƄžȩŤA+çAͯ ĩ4-11C,DͰ/>-Ŀû
0dsT̂ĿƖɊɄƖEń&)ǿŊ+ˇAƄž0
ţ;//60oC*;ǽł˦ŜBA+?ȽĿƖ# UɄƝ0ȌŌ
Ǿ̛EǦ)A+ƺŜBAB0SOD1  Cys57+ Cys146/̼*ç
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Ŋà S-SʛĐEƆƣ)A#:.őÝ-̹Ʉ.-?-+ăĦ*0-
+ʭ?BA 
 ȇ.Kratkyygj.ˡ?BAǽł/ƄždsT̂/ɊɄƖEɵ
œ̲ɠ-sd+ʭ)ȮȥȪž.ŞAĿûE;+.ȽĿƖ.·
dsT̂/XwN\ĿûEǼ˫#ĩ4-11C,D/ƳÜĩ.ɵ>
.ǛȪ.·ǽłƄž/ºɴ˳BA¦ȇǾ̛Ĕ̲º#ͺɄ
Ɲ+)ŌĭAȪž͚ĲͯWT, <48oC; G37R, <36oCͰ.)0Kratkyy
gj/ǽłƄž.0Ŀû˳:?B-&#'7@IɄƝ0¦ȇǾ̛Ĕ̲
͛ˑ.º)A;//FɄƝ+đǿ.XsTj-ɊɄǾ̛EǦ)A
+ʭ?BA 
 7#dsT̂ȽĿƖ.·ɊɄƖEń+ƞƖýƉ0ļôA
+ʭ?BA!*Ǎ¡Ǣʣ/ Guinier˨ǯ?dsT̂/ƞƖýƉ RgE
ʈæ!/ȪžĿû.');Ǽ˫#ďȪž.A apo-pSOD1(WT)S-S
ć2apo-pSOD1(G37R)S-S/Ǎ¡Ǣʣ?Ǝ?BAGuinierygjͯ ĩ4-12A,BͰ
.')ţ˧͚ĲͯQ < 1.3/RgͰEɤʣ*wIgj#͇.Ǝ?BAÒ?
RgEʈæ#ͯ˛4-4ͰȪžº͚ĲͯWT, <55oC; G37R, <40oCͰ*0apo-
pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S / Rg 0B;ʒ 21 Å +-&#
ͯĩ4-13A˛4-4Ͱ/Ë0}İ SOD1/ʛǡǾ̛ͯPDB ID: 2C9VͰ?
ʈæBA Rgͯ 20.9 ÅͰ+56ˇ)#7#ȪžǛA+ͯ WT, >55oC; 
G37R, >40oCͰRg/ļôˡ?BA+?ȽĿƖ.>&)dsT̂/X
wN\Ŀû)A+çARg/ȪžĿû0Kratkyygj
.AǽłƄž/ȪžĿû+56ˇ)A+?dsT̂/ɊɄƖ
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º.Ɣ) Rg ł-&)A+ç&#7#60oC *0apo-
pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S0,%?; U ɄƝ.A+ʭ?B
Aͯĩ4-2CͰapo-pSOD1(G37R)S-S/ Rg0 32.4 Å +-@apo-pSOD1(WT)S-S
*Ǝ?B# Rg*A 25.1 Å.Ȓ4)͛ˑ.ļôA+ç&#!/ăĦ
Eǜ?.A#:.Rg/dsT̂ȴž.ŞAÂŌƖEǼ˫#̔/
SAXSŔͤ0 5.0 mg/mL/dsT̂ȴž*˘&)#!/ȴžE 2É.Ŵ
̯# 2.5 mg/mL/ apo-pSOD1S-SEɏ) 60oC.AǍ¡ǢʣEȫœ#+
Capo-pSOD1(G37R)S-S/ Rg0 28.0 Å.ȩŤ#ͯĩ4-13A˛4-4ͰȴžE
Ŵ̯A+ RgȩŤA+?60oC .) apo-pSOD1(G37R)S-S/ Rg
ł-Ë+-A/0OYEƆƣ)A#:*0-+ʭ?BA 
 Ǎ¡Ǣʣ/ Guinierygj/ yèȿ?0dsT̂/çŊ̲̂.
ȒÀAăȸǍ¡Ƅž I(0)ʈæBAȪž/Ǜ.·I(0)0ȩŤ)
A+?}¦̲»+)ŌĭA SOD1ȽĿƖ.·&)þ̲»û)
A+ʭ?BA!*çŊ̲̂ǘɬ/ȁȭɁ̂*A BSAͯ66.4 kDaͰ
Eɏ)Ǝ?B# I(0)E;+.)SOD1 /ˡ/çŊ̲̂ Mr Eʈæ#
ͯĩ4-13B˛ 4-4Ͱ!/ʛǱȪžº͚Ĳͯ WT, <45oC; G37R, <40oCͰ*0
apo-pSOD1(WT)S-Sć2apo-pSOD1(G37R)S-S / Mr 0>! 32 kDa +ʈæ
BSOD1 /Hp̮̫é?˪ʈBAçŊ̲̂ 16 kDa *A+EʭƟ
A+}¦̲»+)Ōĭ)A+ʭ?B#Ȯȥ/Ȫž
ǛA+apo-pSOD1(WT)S-S/ Mr0 45oC ¯̒?ȩŤ60oC ¯̒*0
16 kDa +-A+?ȽĿƖ.·&)þ̲»û)A+ɵĝBA
Apo-pSOD1(G37R)S-S.')040oC¯̒?MrȩŤA;//50oC±
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.-A+ MrļôA+ç&#ͯ ĩ4-13B˛ 4-4ͰApo-pSOD1(G37R)S-S
/Rg.̽AȪžÂŌƖ.);ưǁ#ȽĿƖ.>@þ̲»û#apo-
pSOD1(G37R)S-S0OYEƆƣAÒēA/*0-+ʭ)A
Ŕ͇dsT̂ȴžE 5.0 mg/mL ? 2.5 mg/mL .Ŵ̯)Ǎ¡ǢʣEȫœ
Guinier ygj.>@Ǝ?BA I(0)E;+.) Mr EʈæA+apo-
pSOD1(WT)S-S*0ł-̤0ˡ?B-apo-pSOD1(G37R)S-S/Mr0łŸ
.ȩŤ#ͯĩ4-13B˛4-4Ͱ>&)¦ȇǾ̛Ĕ̲º# I ɄƝ+)
ŌĭAȪž͚ĲͯWT, 40 - 50oC; G37R, 30 - 40oCͰ*0apo-pSOD1S-S0 FɄ
Ɲ+đ RgEǦ#XsTj-¦̲»+)Ōĭ?.ͧȪ.-A+þ
̲»û̝˘A++;.G37RĿɔİ SOD1*0OYEƆƣA+
ɵĝBA 
 Apo-pSOD1S-S / I ɄƝ0¦̲»Ǿ̛+)ŌĭA+ʭ?B#
;//SAXSȫœ.ɏ#dsT̂ȴžͯ5 mg/mL, ca. 300 µMͰ0CD-
,/ȫœ.ɏ#dsT̂ȴžͯ20 µMͰ+Ȓ̌)ͧ!/#:.apo-
pSOD1S-S IɄƝ+)ŌĭA+ʭ?BAȪž͚Ĳ.)SAXSȫœ*
0¦̲»EɵĝAʛǱƎ?B#čʶƖA!*dsT̂ȴžE 5 
mg/mL? 0.5 mg/mLͯca. 30 µMͰ.Ŵ̯# apo-pSOD1(WT)S-Sć2apo-
pSOD1(G37R)S-SEɏ)37oC * SAXSȫœE˘&#dsT̂ȴ
žEĿû);Ǎ¡Ǣʣ.ł-Ŀû0ˡ?Bͯĩ4-14ͰçŊ̲̂.ÂŌ
A I(0).;Ŀû-&#+?dsT̂ȴž/̤ IɄƝ/ĤȇǾ
̛.ć6Ƈ͕0ţ+ʭ?BA>&)apo-pSOD1S-S/ȽĿƖ0¦ȇ
Ǿ̛Ĕ̲º#XsTj-¦̲»Ǿ̛EǦ# IɄƝEʚɐ)̝˘A
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+ʭ?B# 
 
ġĠĢĥSOD16V@+Ą(R/KX¢ĔÁg  
 ɍɋɠ-Ȫžͯ37oCͰ*0apo-pSOD1(WT)S-S + apo-pSOD1(G37R)S-S
/B.');XsTj-¦̲»+)ŌĭA+ç&#
apo-pSOD1(WT)S-S0¦ȇǾ̛EƆƣCys6dsT̂à̪.ı;B# F Ʉ
Ɲ+)ŌĭA/.Ş)apo-pSOD1(G37R)S-S0¦ȇǾ̛Ĕ̲ºCys6
ȮŉÎ.͏æ# IɄƝ+)Ōĭ)A+ʭ?BAɍ»à*0G37R
Ŀɔ.>&) SOD10OY<ä͊»EƆƣA+?[60,164,165]IɄƝ
OYƆƣ/îͣ»+-&)A/*0-+ʭ#!*Cys6Cys111
E`ȌĴ.ʪƼ)-WTć2G37RĿɔİ/ apo-SOD1S-SE 16ǟ
̼͑ʪA+*OY/ƆƣE SDS-PAGE.>@˯Ã#!/ʛǱ
apo-SOD1(WT)S-S *0 45oCapo-SOD1(G37R)S-S *0 37oC >@ͧȪž.
)ͧ çŊ̲͚Ĳ.^HɉBOY/Ɔƣ˳:?B#ͯ ĩ4-15AͰ
?.̩×ï*A DTTEȧô) SDS-PAGE.>Aç͋E˘+ͧçŊ
̲͚Ĳ/^H0ȤńSOD1/þ̲».ɥƅA¹ʪ./8rk˳:?
B#ͯ ĩ4-15BͰ'7@W*^H+-&)ɉBAOY0SOD1
S-S ʛĐ*T^T#S-S OY	*A+ç&#ĩ4-16
.ɵ>.Cys6Cys111E`ȌĴ.ʪƼ# apo-pSOD1(G37R)S-SE͑ʪ
);ͧçŊ̲͚Ĳ.^H˦ŜB-+?S-SOY/Ɔƣ
ǈƯBA 
 SOD10̩×ɠ-ɌĻ*Aʗʵ̂.Ũĭ)A+?[3]ɍ»à
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.)çŊ̼S-SʛĐ*T^TB#S-SOYƆƣA/
œ*0-!*5 mM/̩×İUdfOͯGSHͰ+ 0.05 mM/̮û
İUdfOͯGSSGͰEdsT̂Ȯȥ.ȧôA+*ʗʵ̂ɌĻEȂÊ
[92]apo-SOD1S-SE 16 ǟ̼͑ʪ#!/ʛǱGSH/GSSG /ȧô.>&)
OYû0ƧíBA;//G37RĿɔİ SOD10ɍɋɠȪžͯ37oCͰ*
S-SOYEƆƣ*A+ç&#ͯĩ 4-17AͰ7#SOD10jX
kH/ˁ̼ʼͯIMSͰ.;ŌĭA[4]IMS/ɌĻEȂÊ# 5 mM GSH
+ 1 mM GSSG /Ōĭ*;[166]apo-SOD1(G37R)S-S0 37oC * S-S OY
EƆƣA+ɴ˳B#ͯĩ 4-17BͰ'7@ɍ»àkgT^ɌĻ.
);Ŀɔİ/ apo-SOD1S-S0 37oC * I ɄƝE­)OYûA
+ç&# 
 ?.S-S OY/Ɔƣ ALS .)ɍAy`^*A
/EǼ˫A#:.iK^/ʸͦEɏ#ŔͤE˘&#G93Ać
2G37R Ŀɔİtj SOD1 EɞɉA G93A K^ć2G37R K^/ʸ
ͦE}]lJ_)Ǝ?BAčȮƖɑçESDS-PAGE.>@ç͋A+ALS
ǿɚɄ/æɉͯG93A K^*0 100 Ǚͮ±̀G37R K^*0 370 ǙͮͰ.
Ɣ)ͧçŊ̲͚Ĳ.^HɉBOY/Ɔƣ˳:?B#ͯ ĩ4-18AͰ
̩×ï*A DTTEȧô) SDS-PAGE.>Aç͋E˘+ͧ çŊ̲͚Ĳ/
^HȤńAͯĩ4-18BͰ+?SOD1  S-S ʛĐ*T^T#
S-SOY*A+ɴ˳B#7#ALSǿɚɄEĖAî/ G93A
K^ͯ30ǙͮͰ< G37RK^ͯ100ǙͮͰ/ʸͦ*0ͧçŊ̲͚Ĳ/^
H0˦ŜB͒ʙ8Ƽİ/ NonTGK^<̱ɍİ/tj SOD1Eɞɉ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AWTK^/ʸͦ*;^H0˦ŜB-&#ͯĩ4-18AͰ>&)S-SO
Y/Ɔƣ0ALS.AəɋŎɠ-Ŀû/1'*A+ɵĝB# 
 
  
 - 112 - 
ġġĥí 
 B7*/ɯɿ?Hİ SOD1.ĿƖï<ȽEôA+þ̲»û
#̼ɄƝEʚɐ) U ɄƝ.ĿƖA+ĿƖ.̽A̚ž˸ɠ˨ǯ
-,.;+()ƻǹB)#[148–150]Ǖ/ǫɯɿ*0Hİ SOD1/Ƚ
ĿƖ.·ȮȥǾ̛/ĿûEǼ˫A+*¦ȇǾ̛Ĕ̲͛ˑ.º)
A;//¦̲»Ǿ̛EÆ&#̼ɄƝͯIɄƝͰEʚɐ)UɄƝ.ĿƖA
+Eǜ?.#?. I ɄƝ*0S-S ʛĐ/ʙ8ƼɍSOD1 ç
ŊS-SʛĐ*T^TB#S-SOYƆƣA+;ǜ?.
#S-S OY0 SOD1 ̨¶ŊĿɔEăĦ+A ALS .)ǼæBA
+?ȽĿƖy`^.ˡ?BA SOD1 / I ɄƝ0 ALS /əɋ.̰ˠ-ƈ
ñEǱ#+ʭ?BA 
 
ġġĞĥALSÑ IÈ¡Ápxė 
 !*ďȪž.) FIUɄƝĀ:AñĐEŔͤʛǱ.;+
()¤ȫ)8A7CD^|Tj.)¦ȇǾ̛Ĕ̲EĈǞAË
ͯ%210/%200Ͱͯ ĩ4-9CͰć2Cys6/Ç͠žͯĩ4-8EͰǤ;ºȪž͚Ĳ.
)ĿûEɵ+?B?/Ŀû0ǛȪ.· F ɄƝ/ȩŤ.ŞƔA
+ʭA+*AǕ*Trp32/˕ÚƄžͯĩ4-5Ͱć2SAXS.>@
Ǝ?BAɊɄƖͯKratkyygj.AǽłƄžĩ4-11C,DͰ0>@ͧ
Ȫž͚Ĳ.)ĿûA+?UɄƝ/ļôEɵ)A+ʭ#?
.10oCć260oC *04)/ SOD1 !B"B Fć2U ɄƝ.
@¬ĥ/ɯɿ*Ǽ˫#Ȫž͚Ĳ*0 SOD1 0 FIU /B/ɄƝ+
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)ŌĭA+²œ)ďȪž.)!B"B/ɄƝĀ:AñĐEȖ:#
ͯĩ4-19Ͱ!/ʛǱHİ SOD1 IɄƝ+)ŌĭAȪž͚Ĳ0̱ɍİ
*0 40 - 50oCG37RĿɔİ*0 30 - 40oC*A+ç&#ɂ.ɍɋ
ɠȪž*A 37oC *0̱ɍİ SOD1 0Ý»/ 83% F ɄƝ.A/.Ş
)G37R ĿɔŢÜBA+82%/ SOD1  I ɄƝ+)ŌĭA+ʭ?
B#'7@ɍ»à.)SOD1̳ūJOE˨͋A+̱ɍİ/ķĐ
.0 FɄƝ+)ŌĭA/.Ş)Ŀɔİ/ķĐ.0 IɄƝ+-@S-SO
Y/Ɔƣ.'-A/*0-+ʭ?BA 
 
ġġğĥIÈ¡¶ĉÕÇ 
 ǫɯɿ.)đœB# IɄƝ0SAXS.>@Ȗ:?BAˡ/
çŊ̲̂.;+(+¦̲»Ǿ̛EʟƯ)A+ç&#ͯĩ 4-13B
˛4-4ͰB7*.;Hİ SOD1 / 37oC.A˨͋œǎͯKdͰʅȪȰ
œȽ̲ȫœ?ʈæB)@̱ɍİ*0 6.7 x 10-8G37R Ŀɔİ*0 5.0 x 
10-6+ĶėB)A[151]B?/ËEìɏA+ǫɯɿ*Ǽ˫#ȴž͚Ĳ
ͯ20 - 300 µMͰ*094% (20 µM) - 99% (300 µM)/̱ɍİ SOD1¦̲»+)
Ōĭ)A+.-@37oC*0 83%/̱ɍİ SOD1 FɄƝ.A+ͯ ĩ
4-19Ͱ+>ˇ)A7#G37RĿɔİ.);70% (20 µM) - 89% 
(300 µM)/Hİ SOD1¦̲»+)Ōĭ)A+˪ʈBSAXS?ʈ
æBA G37RĿɔİ SOD1/ˡ/çŊ̲̂ 32 kDa*}¦̲»EƆ
ƣ)A++ˇAͯĩ 4-13B˛4-4Ͱ̱ɍİ+̤&)G37R
Ŀɔİ0 37oC.)¦ȇǾ̛Ĕ̲͛ˑ.º)A+ǫɯɿ.
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)ǜ?+-&#ͯĩ4-9CͰ'7@ I ɄƝ0˨͋œǎ/ȪžÂŌƖ?0˺
ë*-ɄƝ*ȮȥǾ̛/ȪžĿûEǼ˫A+*ê:)ǜ?+-AɄ
Ɲ*A+˩A 
 ǕB7*/ɯɿ.)Hİ SOD1ĿƖA͇.0þ̲
»û#̼ɄƝͯ I MɄƝͰɍA+ʭ?B)#[148–150]À1Hİ
SOD1 /ȽĿƖ.·MdvĿû DSC .>&)Ȗ:?B)A!
B?0þ̲»û# I MɄƝEʚɐAȽĿƖi.>&)7˶ǜ*A
+ƻǹB)A[152]I M ɄƝÖù+-AȪž͚Ĳ0̱ɍİ* 55 - 65oC
G37RĿɔİ* 40 - 50oC+-&)@[152]¦̲»Ǿ̛EǦA IɄƝŌĭ
AȪž͚Ĳ>@;ͧǫɯɿ.);I M ɄƝƻǹB)AȪž͚Ĳ
*0¦̲»Ǿ̛EǦ# IɄƝ?þ̲»û̝˘)A+ɴ˳BA
;//ͯĩ4-13B˛4-4Ͱþ̲»ûA+* I MɄƝ+-&)A/A
0UɄƝ+-&)A/.')0˺ë*-&#»Ȫ>@
;ͧȪž.)˦ŜBA I MɄƝALS/ɞɚ.̽DA/0ɖğ*
A9Cɍɋɠ.̰ˠ-Ȫžͯ 37oCͰ*0̳ ūJOE˨͋#Ŀɔİ SOD1
¦̲»Ǿ̛EʟƯ# IɄƝ+)Öù.ŌĭA+?ALS.ˡ?BA
SOD1 /^wNiIUEɋ˨A#:.0I ɄƝ̰ˠ*A+ƻǹ
A+*A 
 !B*0IɄƝ0¦̲»*A+/®.,/>-Ǿ̛ɠɂƑE
Ǧ)A/*C7Hİ SOD1 FɄƝ? IɄƝ3+ĿûA
͇.0¦ȇǾ̛Ĕ̲ºAͯĩ4-9CͰ++;.dsT̂Ǿ̛/àÎ.
ı;B)# Cys6ȮŉÎ.͏æAͯ ĩ4-8EͰǕTrp32ĘĨ/Ǿ̛0 FɄ
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Ɲ+ IɄƝ*ł-Ŀû0˳:?B-&#ͯĩ4-5Ͱ'7@ǫɯɿ*đœ
# IɄƝ.)0SOD1/Ǿ̛=?çŊÝ»*į.ļł)AD
*0-+ʭ?BA 
 Ŕ͇Hİ SOD1.AŨƤɠ-Ǿ̛=?B7*/ɯɿ.
);ƻǹB)A[142,143,167,168]À1Hİ SOD1.AHkyj
/̰ȔʔªƼĈƔÊ̲çǯ.>@̈̕#Ŕͤ.>A+Trp32 ¹ʪA
!3^jk0®/^jkͯ!7-,Ͱ.Ȓ4)>@ͧȪž*̰Ȕʔû
̝˘A+ĶėB)@ǛȪ.>&)Ǿ̛=?.͚Ĳ*A
+ɵĝB)A[167,168]7#Hİ SOD1 .')NMR țEɏ#
15NǷ/ʤĚȫœE 15oC? 37oC.ȪžEĿû)˘+!3^jk
!1 !2 !6^jk++;.ƆƣA!-\jǾ̛ͯ ĩ1-1Ͱ.Ȓ4)Loop 
IV< Loop VII+&#y͚Ĳͯ ĩ1-1Ͱ.ł-Ǿ̛ĿûɍA+ɵ
B)A[142,143]'7@Trp32EĔ9!3^jk0Ȫž.>Aǀ÷Eċ
.͚Ĳ*A+ʭ?BA 
 Ǖ*Cys6EĔ9!1 ^jkǛȪ.>&)ċAƇ͕.')
0˲ʗ-Ǽ˫-B)-;//!3^jk+đǿ.15NǷ/ʤĚ̚
ž.ł-Ŀû0˳:?B-+?[142,143]I ɄƝ.)òɠ.Ǿ̛Ŀ
û)A+0ʭ.Cys6/̒Ï.ƆƣA!2^jkͯ Val7-
Phe20Ͱ/Hkyj0Trp32EĔ9!3^jk/Hkyj.Ȓ4
)>@ºȪž*̰Ȕʔû̝˘A+?[168]Cys6ĘĨ/Ǿ̛0ǛȪ.>
Aǀ÷Eċ<+ʭ?BA7#}İ SOD1̳ūJOE˨͋A
+* Cys6ĘĨ/Ǿ̛=?ł-A+;ɵB)A+?[143]F
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ɄƝ? IɄƝ.-A͇.0Cys6 SOD1Ǿ̛/àÎ?ȮŉÎ3+wgy
HKjA>-Ŀûɍ)A/*0-+ʭ?BA 
 ǫɯɿ*0ǛȪ.· Loop IV< Loop VII/Ǿ̛=?Eɤƹɠ.
ɵ+0*-&#;//çŊà S-S ʛĐ/Ɔƣ.̽DA Cys57  Loop 
IV.¹ʪ)Aͯĩ1-2Ͱ+; IɄƝ/Ǿ̛EʭŜA*̰ˠ*A'
7@IɄƝ*0Loop IVVII/Ǿ̛=?.·&)S-SʛĐEƆƣA Cys57
< Cys146EǊǂA+čʶ.-@S-SʛĐ/ʙ8Ƽ̝˘A+ƺŜ*
Aʄʹʂ*ƻǹA>.Cys6 Cys57ECys111 Cys146Ȩƪɠ.Ȗ
ǷǊǂA+&#˲ʗ-Pm_.')0?-AǼ˫Ɠˠ*A;/
/IɄƝ0Cys6/͏æ.ô)Cys57-Cys146̼/çŊà S-SʛĐ3/HT`
^čʶ.-A+*S-SOYƆƣ/#:/îͣ»+)ȅʶA/
*0-+¤ƚBAͯĩ4-20Ͱ 
 
ġġĠĥãîmÍ
#J SOD1 S-Sæ|ä¨y 
 ɍɋɠ.̰ˠ-Ȫž͚Ĳ*A 37oC ¯̒*0SOD1 ̳ūJOE
˨͋A+̱ɍİ*0 FɄƝ+)ŌĭA;//G37RĿɔİ*0 IɄƝ
E+A+Eɵ+*#ʄͲʂ.;̔4#>.SOD10̷¨̵J
O.Ş)͒ŷ.ͧ˥ĚƖEɵ+ɬ?B)AŁ/ ALS Ŀɔ
0SOD1+ ̷¨ ̵JO+/˥ĚƖEºA+ĶėB)A[77–81]
7#ʗʵà.)̟͋ͯȔĚͰɄƝ.A̷JO0 10-18 M¨̵JO
0 10-12 M+͒ŷ.Ɛ̲*A+ʭ?B)@5+F,Ý)/̷¨̵JO
0¼?/ɍ»çŊͯ dsT̂-,Ͱ.ʛĐ#ɄƝ*Ōĭ)A+
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ƻǹB)A[169,170]'7@ʗʵà*0Ł/dsT̂̷¨̵JO
EŅĐ&)AɄȚ*̳ūJO+/˥ĚƖEºA ALS Ŀɔ0
SOD1?/̳ūJO˨͋EÅ̝A+ʭ?BA!/ʛǱʗʵà.
AĿɔİSOD10Hİ+-&)Ǿ̛=?/ł IɄƝ3+ɺ˘S-S
ʛĐ/ʙ8Ƽ̝9+*S-SOYƆƣA/*0-+ʭ?
BA 
 7#ɍ»à*/ S-SOYƆƣEǼ˫A*ʗʵà/kg
T^ɌĻ;̰ˠ-ˠʔ*Ał̪ç/ SOD1ŨĭAʗʵ̂0̩ ×İU
dfOͯGSHͰ+̮ûİUdfOͯGSSGͰ>! 100 : 1/ñĐ*Ōĭ
A#:[92]S-SʛĐ̩×B)èǓB<ɌĻ*A>&)S-SO
Y.ˡ?BAçŊ̼ S-S ʛĐ0ʗʵ̂*0ʟƯB.+¤ƚB
Aʗʵ̂/ GSH/GSSGȴžEȂÊ# in vitroǬ³.);Ŀɔ
İ SOD1 0 S-S OYEƆƣA+ç&#ͯĩ4-17AͰ˲ʗ-
Pm_0ǜ?*-;//OYƆƣ.̽DAçŊ̼ S-SʛĐd
sT̂ͯOYͰǾ̛/à̪.ı;B)7GSH ¾ɏ*-#:
.̩×B./*0-+ʭ?BAŔ͇ŃȻǾ̛.ˡ?BAçŊà
S-SʛĐͯCys57-Cys146Ͱ0SOD1/Ǿ̛à̪.ı;B)A#:ȮŉÎ3/͏
æ0͒ŷ.ţͯĩ1-2Ͱʗʵ̂.);Őœ.ŌĭA[29,82]I ɄƝ.-
A+Ǿ̛=?ł-A;//¦̲»Ǿ̛0ʟƯBA+?S-Sʛ
Đ0 GSH.>AǊǂEċ./*0-+ʭ?BA'7@ds
T̂Ǿ̛ GSH.>A̩×?ŏA>-Ɔ*Cys6ć2Cys111.>A Cys57-
Cys146/ȖǷǊǂ˘DBS-SOYEƆƣA+ʭ?BA 
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 S-S OY/ƆƣPm_+)S-S ʛĐ/ʙ8ƼĈƔ±ŀ
.;Cys6ć2Cys111/fOĴ̮ûBA+* Cys6-Cys111/ S-Sʛ
ĐƆƣS-SOYƆƣA+ƻǹB)A[90]ʗ
ʵ̂.A̩×ɠ-͍Ĩȓ*0ȮŉÎ.͏æ#\^hJȌĴ/̮ûE̙
)ǔ#- S-SʛĐƆƣA+0ʭ.9Cǫɯɿ*ƻǹA>
.GSH />-̩×ïHT`^*-XsTj$=?/ļł
#dsT̂Ǿ̛ͯIɄƝͰ.)S-SʛĐ/ʙ8Ƽ̝˘S-SO
YƆƣA+ʭA5Đɋɠ*A 
 ?.Ŀɔİ SOD1 / S-S OY0ALS iK^.
AjXkH/ˁ̼ʼͯ IMSͰ.˒ɽ)A+;ĶėB)A[68]IMS
0ʗʵ̂.Ȓ4)>@̮ûɠ-ɌĻͯGSH : GSSG = 5 : 1Ͱ*A+ɬ?
B)@[166]ǫɯɿ.); IMS /ɌĻEȂÊ# GSH/GSSG /ȴžǬ³
*S-SOY/ƆƣEɴ˳A+*#ͯĩ4-17BͰ7#ʗʵ̂.
Ȓ4)>@̮ûɠ-ɌĻ*A++ŞƔ)IMSȂÊǬ³/Ǖ S-SOY
ƆƣöɈ>̝˘)A>.ʭ?B#'7@S-SOY0
ʗʵ̂<jXkH IMS +&#ʗʵàɌĻ.);ƆƣA SOD1
/^wNk»*ɂ.̳ ūJOEń+*ɍAͺɄƝ!/Ɔƣ
.̰ˠ-ƈñEǱ#)A+ɵĝBA 
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ö4-1 õk2I+;SÂ°a 
^R̚žͯnm/minͰ 240 
õ̆Î^gjͯnmͰ 10.0 
˕ÚÎ^gjͯnmͰ 10.0 
}j͎ĬͯVͰ 400 
^^ ˅÷ 
 
ö4-2 CD2I+;SÂ°a 
 
̥ʖŀ͚Ĳ 
ͯ250-195 nmͰ 
̒ʖŀ͚Ĳ 
ͯ320-260 nmͰ 
id̼͆ͯnmͰ 0.1 0.1 
rkŸͯnmͰ 1.0 2.0 
^^ͯsͰ 1 2 
^R̚žͯnm/minͰ 50 50 
ɽʈĥǎ 5 5 
 
ö4-3 Xêú©\Â°a 
P̺ͯmmͰ 411.0 
XʣȜ̺ͯÅͰ 1.5418 
v} 
^gjƉͯmmͰ 
1st 0.70 
2nd 0.40 
3rd 1.00 
u^jgsƉͯmmͰ 3.0 
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T4-1 SAXS BSAo (A) NNEbZf@{(Ɣǽ BSAɋ1.85 mg/mLɌ)
SAXS ƒĀ> 10oC $ǲ		ŖġĞ I(Q)>ŖjK^u Q (Ĉ#hwZ^(B) 
(A)(ƾŖšǗ) Guinier hwZ^ɋLn I(Q) vs. Q2Ɍ>ƾČǼȿèɋ0.02217 < Q 
< 1.3/RgɌ>ƵǗȔ¡8Ļĳ¿ĥ Rg	y°Ɯ8ÅƗŖġĞ I(0)>ǎ® 
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T4-2 Apo-pSOD1S-S DSC`#;3 51 (A) WT	Ç,	(B) G37Rò
ƪç) apo-pSOD1S-Sɋ1.0 mg/mL, ca. 60 µMɌ(!	# DSC>ǲ		Ī8;Q{qLs
o8 NNE bZf@{)Q{qLso>ĘĠ	XycKȍ)quŗ$ǹų½
ŞƑ( #Ƣ;:Ôƚe{K)µĨ(Ǹ8;:ƚĄȦ)ò½ɋȎāǗɌ>4%(#	
j{TsCyɋƻǗɌ>ȀĀ(C) (A,B)(ƾj{TsCy>Ƨ	#	apo-
pSOD1(WT)S-Sɋ!Ɍ	Ç,	apo-pSOD1(G37R)S-Sɋ"Ɍ)Q{qLso>ǵŽ0	
Ī8;Q{qLso>	Tm>Ŷõ%:JDTšǗ$fBZ\ByLǔŭɋƻǗɌ
4ƾ(D) WT	Ç,	G37Ròƪç) apo-SOD1S-Sɋ1.0 mg/mL, ca. 60 µMɌ(!	#
DSC>ǲ		(A-C)%ÐŸ)ŀȾ$j{TsCyǵŽĪ8;Q{qLso>	Tm
>Ŷõ%:JDTšǗ$fBZ\ByLǔŭɋƻǗɌ(!	#4ƾ 
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T 4-4 *6.*-9G%/*7u\UM (A) WT	Ç,	(B) G37R òƪç)
apo-pSOD1S-Sɋ5 µMɌ)Ǳ¦TkK^u>ƾApo-pSOD1(WT)S-S* 10, 15, 20, 25, 35, 37, 
39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65oC	Ç,	apo-pSOD1(G37R)S-S* 10, 15, 20, 
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60oC$ƒĀ0	
(A)$* 10, 35, 41, 47, 53, 59, 65oC	Ç,	(B)$* 10, 22, 28, 34, 40, 46, 52, 58oC$ƒĀ
Ǳ¦TkK^u>Ɉǫ$	;ó>Ɩǫ$ƾ 
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T4-5 SOD1wUbA Trp32RSr WTɋ!Ɍ	Ç,	G37Ròƪçɋ"Ɍ
) apo-pSOD1S-S)Ǳ¦TkK^u(: 365 nm% 345 nm)Ǳ¦ġĞƂ>ƑĞ(Ĉ
#hwZ^ɋėǙȑɌƒĀ* 3ß}ǲ		ŹƓĘ>Fs{b{$ƾĪ8
;hwZ^>RLqC_Ȱŗ$fBZ\ByL:%$ɋƻǗɌ	ȐǆƑĞ>ǎ®
0	WTɋ!Ɍ	Ç,	G37Ròƪçɋ"Ɍ) apo-pSOD1S-S)Ȕǐó CD TkK^u(
: 280 nm) CD (!	#4	ƒĀƑĞ(Ĉ#hwZ^ɋÍǙȑɌ 
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T 4-6 V CD %/*7u\UM (A) WT	Ç,	(B) G37R òƪç) apo-
pSOD1S-Sɋ400 µMɌ(!	#	Ȕǐó CD TkK^u> 10oC8 60oC0$ 10oC
(ƒĀ 
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T4-7 mPEG-MAL Cys111DOa (A) C6S òƪç	Ç,	(B) G37R/C6S ò
ƪç) apo-SOD1S-Sɋ20 µMɌ>	0.1 mM) mPEG-MAL %%4(Îv{y(ƾƑĞ
$ 1ŠȯÈıĨ	ȡ£Ū$) SDS-PAGE (79¯ȹby_)ƼȄ*	CBB
ŮǫƉ(79ǲ mPEG-MAL(79RT\Cyžêɂ;:%$ɋPEG-SOD1Ɍ	
ŧɂ)by_ɋSOD1Ɍ%ƂȒ#ǆ¼Ğ~:(C) (A,B)(ƾNu(	#	
PEG-SOD1% SOD1)by_)ġĞƂ> Image J(79ǎ®	PEG-SOD1 )¸Ïɋ%Ɍ
>ƑĞ(Ĉ#hwZ^ɋ!, apo-SOD1(C6S)S-S; ", apo-SOD1(G37R/C6S)S-SɌ 
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T 4-8 mPEG-MAL  Cys6DOa (A,C) C111S òƪç	Ç,	(B,D) 
G37R/C111S òƪç) apo-SOD1S-S>	0.1 mM) mPEG-MAL %%4(Îv{y(ƾ
ƑĞ$ 1 ŠȯÈıĨ	ȡ£Ū$) SDS-PAGE (79¯ȹby_
)ƼȄ*	CBBŮǫƉ(79ǲ Apo-SOD1S-S)ƕĞ*	(A,B)$* 20 µM	(C,D)
$* 300 µM$:(E) (A-D)(ƾNu(	#	mPEG-MAL $ɂ;b
y_ɋPEG-SOD1Ɍ%ŧɂ)by_ɋSOD1Ɍ)by_)ġĞƂ> Image J(79ǎ
®	PEG-SOD1 )¸Ïɋ%Ɍ>ƑĞ(Ĉ#hwZ^Apo-SOD1(C111S)S-S)
ǔŭ>	!ɋ20 µMɌ	Ç,	!ɋ300 µMɌ	apo-SOD1(G37R/C111S)S-S)ǔŭ>	"ɋ20 
µMɌ	Ç,	"ɋ300 µMɌ$ƾ 
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T4-9 SOD1 CD%/*7u\UM (A) WT	Ç,	(B) G37Ròƪç) apo-
pSOD1S-Sɋ20 µMɌ)Ȟǐó CD TkK^u>	10oC8 60oC0$ 2oC(ƒĀ
ŞƑ(
 CD TkK^u)ò½>ƸÃ$ƾ0	apo-pSOD1(G37R)S-S)
210 nmȔ) CD TkK^uò½(!	#*	ņõ4)>ň¨â%#ƾ
(C) (A,B)(ƾ apo-pSOD1(WT)S-S% apo-pSOD1(G37R)S-S) CD TkK^u(	
#	210 nm% 200 nm) CD )Ƃɋ!210/!200Ɍ>ǎ®	ƒĀƑĞ(Ĉ#hwZ^
ɋWT, !; G37R, "ɌƒĀ* 3ß}ǲ		ŹƓĘ>Fs{b{$ƾ 
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T4-10 CD%/*7u\UMy~EJo (A,B) â4-9(ƾȞǐóCDT
kK^u(!	#	10oC$ƒĀ CD TkK^u%	;;)ƑĞ$) CDTkK^
u%)ĘTkK^u>ƾ(A) WT	(B) G37Ròƪç apo-pSOD1S-SgHTƞƪ¯
ǽǽŬ(79Ī8; 2!)TkK^uľ¯ɋcomponent 1, component 2Ɍ>ƾ(C,D) 
ƞƪ¯ǽǽŬ(79Ī8; 2!)ľ¯)¸Ïɋ!, component 1; ", component2Ɍ>ƑĞ
(Ĉ#hwZ^ 
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T4-11 SOD1Xh=lu\UMKratky.8(* (A) ȥƦçɋ5.01 mg/mLɌ	
Ç,	(B) G37Ròƪçɋ5.28 mg/mLɌapo-pSOD1S-S>Ƨ	#	10oC8 60oC0$ 2oC
(ƒĀŖšǗ>ƾŖšǗ)ƑĞ(7:ȝ	>şƼ(:3(	10oC	Ç
,	60oC$ƒĀŖšǗ>ň¨â(4ƾ(C,D) (A,B)(ƾŖšǗ8Kratky
hwZ^ɋQ2xI(Q) vs. QɌ>ǶApo-pSOD1(WT)S-S) 50oC(: Kratky hwZ
^	Ç,	apo-pSOD1(G37R)S-S) 40oC(: KratkyhwZ^>Ȏǫ$ƾ0	
Kratky hwZ^(	#ǻĆ;:e{K)ġĞɋQ = 0.082 Å-1Ɍ>ƑĞ(Ĉ#hwZ
^4)>ň¨â$ƾ'	(A-D)(	#	ƔƍƑĞ)}Ş(
ò½)śÒ
>ƸÃ$ƾ 
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T4-13 wUbA SOD1!9-2;$49UM â4-12)GuinierhwZ^>Ƨ
	#	(A) Ļĳ¿ĥ Rg	Ç,	(B) BSA>ŹƓƝȍ%ƶĈ¯ùȍȦMr>ǎ®	ƒ
ĀƑĞ(Ĉ#hwZ^Apo-pSOD1(WT)S-S)ǔŭ>	!ɋ5.01 mg/mLɌ	Ç,	#
ɋ2.52 mg/mLɌ	apo-pSOD1(G37R)S-S)ǔŭ>	!ɋ5.28 mg/mLɌ	Ç,	#ɋ2.66 mg/mLɌ
$ƾ 
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T4-14 h=lX	 SOD1'9,v\Lp XycKȍƕĞ 5 mg/mLɋɈ
ǫɌ	:	*	0.5 mg/mLɋȎǫɌ%':7
(ȇǶ(A) ȥƦç	Ç,	(B) G37Rò
ƪç) apo-pSOD1S-S>Ƨ	#	37oC$) SAXS ƒĀ>ǲ 5 mg/mL )ƕĞ$ƒĀ
:ȷ*	3 ¯ȯ)Ⱥ¦Šȯ$ 10fv{oǉǎ>ǲ		0.5 mg/mL )ƕĞ$ƒĀ:ȷ*	
3¯ȯ)Ⱥ¦Šȯ$ 50 fv{oǉǎ>ǲ  
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T4-15 Apo-SOD1S-S S-S6"0;^dOau\CWb ȥƦç	Ç,	G37R ò
ƪç apo-SOD1S-Sɋ20 µMɌ>	v{y(ƾƑĞ$ 16ŠȯȻǛĨ	(A) ȼȡ£Ū
	Ç,	(B) ȡ£Ū$) SDS-PAGE >ǲ by_)ƼȄ*	ȩŮǫƉ(79ǲ 
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T4-16 Apo-pSOD1S-S S-S6"0;MX	u\CWb ȥƦç	Ç,	G37Rò
ƪç apo-pSOD1S-Sɋ20 µMɌ>	v{y(ƾƑĞ$ 16 ŠȯȻǛĨ	ȼȡ£Ū
$) SDS-PAGE >ǲ by_)ƼȄ*	ȩŮǫƉ(79ǲ  
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T4-17 FSt< S-S6"0;^dOa ȥƦç	Ç,	G37Ròƪç
) apo-SOD1S-Sɋ20 µMɌ>	(A) 5 mM GSH/0.05 mM GSSG	:	*	(B) 5 mM GSH/1 
mM GSSH )ûå~$	v{y(ƾƑĞ$ 16ŠȯȻǛĨ	ȼȡ£Ū$) SDS-
PAGE >ǲ Cys57-Cys146)ȯ$ S-S ǔÏ>Ģľ SOD1S-S	Ç,	S-S ǔÏȡ£
 SOD1ɋSOD1SHɌ(Ĉı:ǆ¼Ğ>ƸÃ$ƾby_)ƼȄ*	ȩŮǫƉ(7
9ǲ 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T4-18 3)70%qISOD1S-S6"0; q]umDT)ǢɆ
ǒǚ)ÌƔĳƩ¯(!	#	(A) ȼȡ£Ū	Ç,	(B) ȡ£Ū$) SDS-PAGE (79
¯ȹĨ	Ń SOD1Ń>Ƨ	#DETXygwZ\ByL>ǲ v{y(ƾ
ŜɊ)^syTSE`ZKmDTɋNonTGɌ	Ç,	d^ SOD1ɋWT, G37R, G93AɌ>Ʊ
Ƣq]umDT>Ƨ	#ǽŬ>ǲ NonTGmDT	Ç,	WT mDT*	ALS
Ÿ)ƯƠ>Õ'	0	30 ŜɊ) G93A mDT	Ç,	100 ŜɊ) G37R mDT*
ALSŸƯƠ)ƱƯµ	100ŜɊ) G93A mDT*ƱƯƵĨ	160ŜɊ) G93A mDT	Ç
,	370 ŜɊ) G37RmDT*ƮŨŦ$: 
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T4-19 Pu\ F:I:UzcJZ (A) ȥƦç	Ç,	(B) G37Ròƪç(!
	#	ƑĞ}Ş(
 F ƠĺzIƠĺzUƠĺ)¸Ï)ò½>ƾF Ơĺ)¯ę*	
â4-9C (Ǹ8;:żŷȘÓȦ)ò½(ĩ		U Ơĺ)¯ę*	â 4-11C,D (Ǹ8;:
ƣƠĳ)ò½(ĩ
%ǞI Ơĺ)¸Ï*	ÎƑĞ(:	FzU Ơĺ)¸Ï)Û
>©8ĘĠ%$ƅ3 
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 SOD1 Ƞù)òƪ* ALS >ƱƯ[38]	ƮòȢ$:ǢɆț¼`
r{wy(*òƪç SOD1 8':ĉ¨Ģľ:[58]ǌɍǋ$4ȕ.7

(	òƪ(7: SOD1)ŷȘƪěɋnTfG{u]ByLɌ	ĉ¨)Ģľ	
'8,(	ț¼`r{wyòĳ)Åà%#Ǟ8;#9	)ȃǑ'pI`
Uo(!	#*ŗô)ŌŴ';#	:ǂĿĐ:ƺǊĂ$*	SOD1
¯ùȯ S-SǔÏ(7 #KwTtyK;HtPm{ɋS-SHtPm{Ɍ	
òƪçd^ SOD1 >ƱƢ:^syTSE`ZKmDT5 SOD1 Ƞù)òƪ
(79ƱƯ ALSĴǟ(	#Ģľ:%>Ǹ®#	:[68,89,165]$
ũȈŘ$*	SOD1 S-SHtPm{>Ģľ:pI`Uo(ƘƗ>##ƺǊ
>Ț3 
 0	ȧĐCHyǽȹAlç SOD1)ŷȘýĀ(':%	ž
êȟńƲ( S-SǔÏ)ǒ1ō¯ù«$ȚǲĨ(	S-SǔÏ¯ùȯ$ǒ
1ō=9	S-SHtPm{Ģľ:%>Ǹ®ɋǌɎǋɌS-SǔÏ¯ù
«$ǒ1ō=  SOD1)ƪĳ*	ƫƄƲ'«Ȣȿè>Ⱥ®:%$ȼƞ
ƪƲ(Ï:3(	S-SǔÏ)ǒ1ō¯ùȯ$4Țǲ:)$*'	
%Ǟ 
 0	Alç SOD1 )ƚòĳhwVT(:ƔƍŷȘ)ò½>ŵǿ
	ƑȔ$*	òƪç) SOD1OycK^'ȦŷȘ>!!4ż
ŷȘÓȦɀǯ(~ȯƠĺɋIƠĺɌ%#ûå:%>Ǹ®ɋǌ
ɏǋɌIƠĺ$*	ŷȘ68)ïõ(7 #	S-SǔÏǒ1ō=95'
 #	:%Ǟ	ǑǠ«ƥî(	#4	IƠĺ S-SHtPm{Ģľ)µɄ
%#Ǜ"8;:%>ŌŴ 
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 S-S HtPm{*	ALS q]umDT5 ALS Ĵǟ(Ǹ8;:Á':ƪ
ě'ŷȘƝ$:$'	ț¼`r{wy>òĳ:ÅàƝȍ$*'	
%4Ǟ8;:+	òƪç SOD1>ț¼`r{wyŸ)éɃǑǠű NSC-
34 5mDTǁǓǬǑǠǤ Neuro-2a (ƱƢ:%	S-S HtPm{Ģľ:
%%4(	ǑǠ)Ʀûơ~:[93,171]	Cys65 Cys111>Vtyžê
(Ǜōòƪç SOD1>ƱƢ:%	S-S HtPm{)Ģľ*Ǹ8;''
9	ǑǠ)Ʀûơ4õĜ(œÞ:[93,171]0	H46Ròƪçd^ SOD1>ƱƢ
:q]umDT)ƦûŦȯ*7 200Ŝ$:	H46R/C111Sòƪçd^
SOD1 >ƱƢ:q]umDT)ƦûŦȯ* 500 Ŝ%õĜ(ğȬ;:[172]!
09	òƪç SOD1)ƁĳƱƢ( S-SǔÏ5RT\CyžêȰ#	:%
Ǟ8;: 
 $	ũȈŘ$ŌŴpI`Uo>4%(:%	S-SHtPm{
)µɄ$: IƠĺ>ȴÆ$;+	S-SHtPm{Ģľ>ł´$:%ķ
;:+	FƠĺ8 IƠĺ(':%$	Cys6Ɣø (Ⱥ®:%
8	Cys6>Ó2"1 T^sy_>xKYy%§ƬưƉǞ8;:;
0$(4	Au[aCm{Ʈ)ÅàXycKȍ$:XDXycKȍ(!	#	
nTfG{u]ByL(	Ⱥ®:ȿèɋLys294-Ser305Ɍ>4%(ǶxK
YyɋAADvac1Ɍ>Au[aCm{Ʈ)q]umDT(ƴ~ƊĊ:%$	X
DXycKȍ)­ȸł´;	ƮĺœÞ:%ëÖ;#	:[173,174]
!09	SOD1)"1T^sy_>³Ƨ§ƬưƉ(7 #	IƠĺȴÆ;	
SOD1-ALS)ƱƯ>ȱ:%Ìǡ(':4;'	 
 SOD1-ALS)7
(	XycKȍ)nTfG{u]ByLǸ8;:ƭ
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Ĵ>ǖǅ#nTfG{u]ByLƮ%Ù,	ǁǓòĳƭĴ5AnwC_{
RT'&	50ǈɁ}4)nTfG{u]ByLƮëÖ;#	:[175,176]Ǩ
ØƎ	%(	)ÅàXycKȍ)
)¿ŗ	öƙŷȘ( S-SǔÏ>ť
:%ƹ8;#	:[177]7 #	SOD1ó)XycKȍ(	#4	öƙŷ
Ș)ýĀ½¯ù«	:	*	¯ùȯ$) S-S ǔÏ)ǒ1ō>Ġȏ
	S-SHtPm{)7
'ƪě'ŷȘƝ>Ģľ:Ìǡĳ>Ňŏ:%$
:+	htHyXycKȍɋPrPɌ*	ĹŮĳ)ǁǓòĳƭĴ$:h
tHyƮ)ÅàXycKȍ%#ƹ8;#9	¯ ù« S-SǔÏɋCys179-Cys214Ɍ
>ť#-itZKT(ą2öƙŷȘɋPrPCɌ>Ģľ:[178–180]	S-Sǔ
Ï°Ś;:%	"-R{^(ą?ƪěŷȘç) PrPɋPrPScɌ(ò½	ht
HyƮ)ƱƯ(!':%ŌŴ;#	:[181]ƞ(	PrPSc*ŷȘƲ'ȫç
%#Żǡ:%$ PrPC> PrPSc(òō:%ƹ8;#9[182,183]	ht
HyƮ)ĹŮĳ>ȅş:¯ùvju$)ò½%;#	:)pI`Uo(
!	#*ŧȋȈ';#	:	S-S ǔÏ)°Ś(7 #Ʀ PrPSc)Y
Hv{^ê	PrPC)¯ù« S-SǔÏ>ƅŲŔŐ	S-SǔÏ PrP¯ùȯ$ǒ
1ō=:%$	PrPC PrPSc-%òō;:pI`UoŌŴ;#	:[181]
āȷ	S-S ǔÏ°Ś; PrPSc)YHv{^ê>mvCn_$Ȍ:%	
PrPC)ŷȘòōł´;:%84[184]	S-SǔÏ)ǒ1ōÈı>Ȗ#	
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